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(57) A production method of a_compound represented by the formula 



CO 

in 

CM 




wherein R 1a , R 1 ", Ric Rid R ie R « R 2a R a> R 2c R 2d R 2e and R 2f are the safne or dif ferent and each is a hydrogen 
atom and the like, and R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and R 10 are the same or different and each is a hydrogen atom and 
the like, or a salt thereof, which comprises reacting a compound represented by the formula 



Q. 

LU 
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wherein X is a leaving group and other symbols are as defined above, or a salt thereof, with a phosphine-borane 
complex represented by the formula 




wherein the symbols are as defined above, or a salt thereof, in a solvent in the presence of an amine and a nickel 
catalyst, is provided. 
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Description 
Technical Field 

5 [0001] The present invention relates to a production method of diphosphine compounds. More particularly, the 
present invention relates to a production method of phosphinobinaphthyl using a phosphine-borane complex, which 
is useful as a ligand for a transition metal catalyst for an asymmetric synthesis reaction. 

Background Art 



[0002] tn asymmetric reduction, asymmetric isomerization and the like using a transition metal coordinated with 
optically active phosphine as a catalyst, 2,2'~(bis(diphenylphosphino)-1 ,1'-binaphthyl (hereinafter sometimes to be ab- 
breviated as BINAP) is generally used as the optically active phosphine. Depending on the kind of substrate, however, 
reactivity, stereoselectivity, catalytic efficiency and the like are insufficient. Therefore, various optically active phos- 

15 phines have been produced and reported (e.g., Handbook of Enantioselective Catalysis with Transition Metal Com- 
pounds, VCH Publishers (1993)). For example, JP-A-S63-63690 teaches that a ruthenium complex using 2,2'-bis(di 
(p-toluyl)phosphino)-t ,1 '-binaphthyl as a ligand is useful for the asymmetric reduction of a carbon-carbon double bond, 
J P-A-H3 -255090 teaches that a ruthenium complex using 2,2'-bis(di(3 J 5-dialkylphenyl)phosphino)-1 ,1 '-binaphthyl as 
a ligand is useful for the asymmetric reduction of 0-keto ester. 

20 [0003] As the production methods of BINAP and BINAP analogs, 

1) JP-A-H3-255090 describes the following reaction formula as a production method of a compound represented 



10 



by the formula 



25 



30 



35 



40 




2 



wherein R is a lower alkyl group (hereinafter to be abbreviated as 3,5-OABIN): 



45 



50 



55 
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f R A 




<+>-3,5-DABIN 
or 

<->-3,5-DABIN 



(IX) 

As regards the above-mentioned optical resolution, this reference describes as follows. That is, racemic com- 
pound (IX) is dissolved by heating in carbon tetrachloride, a solution of (-)-benzoyltartaric acid in ether is added 
and the mixture is stirred. The crystals are precipitated, and the crystals are repeatedly recrystallized until they 
show a certain level of rotation. The purified crystals are suspended in methylene chloride, and 2N sodium hy- 
droxide is added, whereby free phosphine oxide (-)-(IX) in a (-) form is obtained. 

2) JP-T-H1 0-501 234 or WO 95/32934 describes a production method of BINAP, which comprises reacting a com- 
pound represented by the formula 




wherein R is trifiate, mesylate or tosylate, with diphenylphosphine in the presence of an amine base and a nickel 
catalyst. 

3) JP-A-H9-1 24669 describes a production method of optically active diphosphine represented by the formula 
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10 

wherein A is a phenyl group, a substituted phenyl group, a naphthyl group optionally substituted by a lower alkyl 
group or a lower alkoxy group, which comprises reacting an optically active 2,2'-bis(trifluoromethanesulfonyloxy)- 
1 ,1'-bi naphthyl with phosphine oxide represented by the formula A^OJH wherein A is as defined above, in the 
presence of a transition metal - phosphine complex to synthesize a mixture containing an optically active diphos- 
15 phine compound and/or an optically active diphosphine monoxide compound, and further reacting the mixture 

containing the optically active diphosphine compound and/or the optically active diphosphine monoxide compound 
with a reducing agent. 

4) Chemical Communications, pp. 2359-2360 (1997) describes a production method to give (S)-BINAP, which 
comprises reacting (SJ^^'-bisCtrifluoromethanesulfonyloxyJ-l.l'-binaphthyl with diphenylphosphine chloride in 

20 the presence of NiCI 2 -[1 ,2-bis(diphenylphosphino) ethane] and zinc. 

5) JP-A-2000-7688 describes a production method of optically active 2 f 2 , -bis(di-substituted phosphino)-1 ,1'- 
binaphthyl, which comprises reacting a sulfonic acid ester of optically active 2,2 l -dihydroxy-1 ,1-binaphthyl repre- 
sented by the formula 

25 



30 



35 

wherein R 1 is an alkyl group, a perfluoroalkyl group, an aryl group or a perf luoroaryl group, with chloro di-substituted 
phosphine represented by the formula 





40 R\ 

wherein R 2 and R 3 may be the same or different and each is an aryl group or a cycloalkyl group, in the presence 
45 of a hydrogen, an amine, a hydroge nation catalyst and a transition metal catalyst. 

6) JP-A-2000-1 361 94 describes a production method of a compound represented by the formula 



50 



55 
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wherein ring A, ring B, ring C and ring D are each a benzene ring having a substituent, which comprises reacting 
a compound represented by the formula 




wherein R 1 and R 2 are each an optionally substituted alkylsulfonyl group or an optionally substituted arylsulfonyl 
group, with diphenyiphosphine having a substituent, in the presence of an amine and a transition metal. 
As a phosphine-borane complex, 

7) Tetrahedron Letters, vol. 40, pp. 201 -204 (1 999) describes a production method to give a monophosphine com- 
pound by reacting aryl triflate or aryl nonaflate with a diphenyiphosphine-borane complex in the presence of a 
transition metal and a base. 

8) Tetrahedron Asymmetry, vol. 5, pp. 325-328 (1994) describes that synthesis of a diphosphine compound by 
reacting 2,2 , -dimethoxy-7,7 , -bis(trifluoromethanesulfonyloxy)-1 ,1'-binaphthyl with a diphenyiphosphine-borane 
complex in the presence of a transition metal did not succeed. 

9) As regards a diphenyiphosphine-borane complex wherein a phenyl group has a substituent, US Patent No. 
2,926,1 94 describes a bis(p-methylphenyt)phosphine-borane complex, a bis(p-biphenylyl) phosphine-borane com- 
plex and a bis(2-naphthyl)phosphine-borane complex, and Tetrahedron, vol. 51 , pp. 7655-7666 (1995) describes 
a bis(4-methoxy-2-methylphenyl)phosphine-borane complex. 

[0004] In the aforementioned 2), 4), 5) and 6), a trivalent organic phosphorus compound which is susceptible to 
oxidization and unstable is used as a reaction reagent, and in the aforementioned 1) and 3), trichlorosiiane is used as 
a reducing agent. Therefore, they are not industrially advantageous methods, and establishment of a production method 
of BINAP and BINAP analogs, which is suitable for industrial mass production, has been desired. 
[0005] On the other hand, in the aforementioned 7) and 8), reaction of a diphenyiphosphine-borane complex, which 
is stable and easy to handle, with aryl triflate was tried. In 7), synthesis of a monophosphine compound alone was 
successful but as described in 8), synthesis of a diphosphine compound necessary for the production method of BINAP 
was not successful. 

[0006] For synthesis of various BINAP analogs from a diphenyiphosphine-borane complex, a diphenyiphosphine- 
borane complex comprising a phenyl group having a substituent is necessary. However, in 9), synthesis examples of 
only 4 kinds of diphenyiphosphine-borane complexes are merely described. 
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Disclosure of the Invention 

[0007] The present inventors have studied various aspects of a production method suitable for industrial mass pro- 
duction of BINAP analogs, and first reacted a compound represented by the formula 

5 



10 



15 



20 




wherein R1* R 1 *> , Ffl*, R™, R1», R2», R2b r2c R2d R 2e and R 2f are the same or different and each is a hydrogen 
atom, a fluorine atom, a chlorine atom, an optionally substituted alkyl group, an optionally substituted cycloalkyl group, 
25 an optionally substituted aryl group, an optionally substituted hydroxy group, an optionally substituted amino group, 
an optionally substituted alkylcarbonyl group, an optionally substituted alkoxycarbonyl group, a carboxyl group or an 
optionally substituted carbamoyl group, X is a leaving group [hereinafter sometimes to be abbreviated as compound 
(II)] or a salt thereof, with a phosphine-borane complex represented by the formula 

30 



35 




(111) 



40 wherein R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and R 10 are the same or different and each is a hydrogen atom, a fluorine atom, a 
chlorine atom, an optionally substituted hydrocarbon group, an optionally substituted hydroxy group or an optionally 
substituted amino group, and R 3 and R 4 and R 7 and R 8 may form, together with the adjacent carbon atoms, a 5- to 
8-membered homocyclic ring or heterocyclic ring [hereinafter sometimes to be abbreviated as compound (III)] or a salt 
thereof, in a solvent in the presence of an amine and a nickel catalyst to find that a compound represented by the formula 

45 



50 



55 
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25 wherein the symbols are as defined above [hereinafter sometimes to be abbreviated as compound (I)] or a salt thereof 
can be efficiently obtained in a short step without isomerization, and this method is an industrially superior production 
method in terms of convenience, economic aspect, easiness of operation based on stability of the starting material 
and the like, which resulted in the completion of the present invention. 
[0008] Accordingly, the present invention relates to 

30 

[1] a production method of a compound represented by the formula. 



35 



40 



45 



50 




55 

wherein R 1a , R 1b , R 1c , R 1d , R 1e t R 1f , R 5 * R2b R 2c rm R2e anC j R2f are the same or different and each is a 
hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted alkyl group, an optionally substituted 
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cycloalkyl group, an optionally substituted aryl group, an optionally substituted hydroxy group, an optionally sub- 
stituted amino group, an optionally substituted alkylcarbonyl group, an optionally substituted alkoxycarbonyl group, 
a carboxyl group or an optionally substituted carbamoyl group, R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and R 10 are the same 
or different and each is a hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted hydrocarbon 
group, an optionally substituted hydroxy group or an optionally substituted amino group, and R 3 and R 4 , and R 7 
and R 8 may each form, together with the adjacent carbon atoms, a 5-to 8-membered homocyclic or heterocyclic 
ring, or a salt thereof, which comprises reacting a compound represented by the formula 




wherein X is a leaving group and other symbols are as defined above, or a salt thereof, with a phosphine-borane 
complex represented by the formula 




wherein the symbols are as defined above, or a salt thereof, in a solvent in the presence of an amine and a nickel 
catalyst, 

[2] the production method of the aforementioned [1], wherein X is an optionally substituted alkylsulfonyloxy group 
or an optionally substituted arylsulfonyloxy group, 

[3] the production method of the aforementioned [1 ), wherein R 1a , R 1b , R 1c , R 1d , R 1e , R 1f , R 2a , R 2 * R 20 , R 2 * R 2e 
and R 2 * are the same or different and each is a hydrogen atom, a fluorine atom, a chlorine atom, an optionally 
substituted alkyl group, an optionally substituted cycloalkyl group, an optionally substituted hydroxy group, an 
optionally substituted amino group, an optionally substituted alkylcarbonyl group, an optionally substituted alkox- 
ycarbonyl group, a carboxyl group or an optionally substituted carbamoyl group, R 3 , R', R 5 , R 6 , R 7 and R 8 are the 
same or different and each is a hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted hydro- 
carbon group, an optionally substituted hydroxy group or an optionally substituted amino group, R 9 and R 10 are 
each a hydrogen atom, and X is an optionally substituted alkylsulfonyloxy group or an optionally substituted aryl- 
sulfonyloxy group, 

[4] the production method of the aforementioned [3], wherein R 1a and R 28 R 1b and R 2 *, R 1c and R 2c , R 1d and R 2 * 
R 1e and R 2 ® and R 1f and R 2 * are respectively the same groups, 

[5] the production method of the aforementioned [1 ] to [3], wherein R 1a , R 1f , R 28 and R 2 * are each a hydrogen atom, 



9 



EP 1 452 537 A1 



[6] the production method of the aforementioned [3], wherein R**, R 1 **, Rtc R id R i e> R u R 2a f R 2b R 2c f R 2d t R 2e 
and R 2 * are each a hydrogen atom, 

[7] the production method of the aforementioned [3], wherein R 3 , R 5 , R 6 and R 8 are each a lower alkyi group and 
R 4 and R 7 are each a hydrogen atom or a lower alkoxy group, 
5 [8] the production method of the aforementioned [3], wherein R 3 , R 5 , R 6 and R 8 are each a hydrogen atom, and 

R 4 and R 7 are each a lower alky I group or a lower alkoxy group, 

[9] the production method of the aforementioned [3], wherein R 3 , R 4 , R 5 , R 6 , R 7 and R 8 are each a hydrogen atom, 
[10] the production method of the aforementioned [1], wherein X is trifluoromethanesulfonyloxy, methanesulfony- 
loxy or p-toluenesulfonyloxy, 

10 [11] the production method of the aforementioned [1 ] to [3], wherein the nickel catalyst is NiClg-bisfdiphenyOphos- 

phino C^alkane, NiBr 2 , NiCI 2 , NiCl^bisfdiphenyOphosphinyl ferrocene, NiCl^bisftriphenylphosphine), Nitetrak- 
istriphenylphosphine, Ni-tetrakistriphenylphosphite or Ni-dicarbonylbis(triphenyl)phosphine, 
[12] the production method of the aforementioned [1] to [3], wherein the nickel catalyst is NiClg-bisfdiphenyOphos- 
phino alkane, 

15 [13] the production method of the aforementioned [1] to [3], wherein the nickel catalyst is NiCfe- bis(diphenyl) 

phosphinoethane, 

[14] the production method of the aforementioned [1] to [3], wherein the amine is a tertiary amine, 
[15] the production method of the aforementioned [1] to [3], wherein the amine is 1 ,4-diazabicyclo[2.2.2]octane, 
[16] the production method of the aforementioned [1] to [3], wherein the solvent is a mixed solvent of one or more 
20 kinds selected from N,N-dimethylformamide, N,N-dimethylacetamide, 1-methyl-2-pyrrolidone and 1 ,3-dimethyl- 

2-imidazolidinone, 

[17] the production method of the aforementioned [1], wherein R 1a , R 1b , R 1c , R 1f , R 2a , R 25 , R 20 and R 2 * are each 
a hydrogen atom, R 1d and R M are each a hydrogen atom or a Cg_ 10 aryl group, R 1e and R 2 ® are each a hydrogen 
atom or a C^ G alkoxy group, R 3 is a hydrogen atom or a C 1-6 alkyl group, R 4 is a hydrogen atom, a fluorine atom, 

25 a chlorine atom, a C^ e alkyl group, a C^ 0 aryl group, a alkoxy group or a di-C,^ alkylamino group, or R 3 

and R 4 form, together with the adjacent carbon atoms, a benzene ring or a 1 ,3-dioxolane ring, R 5 is a hydrogen 
atom or a alkyl group, R 6 is a hydrogen atom or a C 1 ^ alkyl group, R 7 is a hydrogen atom, a fluorine atom, 
a chlorine atom, a C^. 6 alkyl group, a C^q aryl group, a C 1-6 alkoxy group or a di-C-,^ alkylamino group, R 8 is a 
hydrogen atom or a C^ 6 alkyl group, or R 7 and R 8 form, together with the adjacent carbon atoms, a benzene ring 

30 or a 1 ,3-dioxolane ring, R 9 is a hydrogen atom or a alkyl group, R 10 is a hydrogen atom or a alkyl group, 

X is trifluoromethanesulfonyloxy, and the nickel catalyst is NiCfe bis(diphenyl)phosphinoethane, 
[18] the production method of the aforementioned [1], wherein an axial chiral moiety of the compound represented 
by the formula 

35 



40 



45 



50 




55 wherein each symbol is as defined in the aforementioned [1], and an axial chiral moiety of the compound repre- 

sented by the formula 
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wherein each symbol is as defined in the aforementioned [1], are each an (R) form, 

[19] the production method of the aforementioned [18], wherein the reaction is free of racemization, 

[20] the production method of the aforementioned [1 ], wherein an axial chiral moiety of the compound represented 

by the formula 




wherein each symbol is as defined in the aforementioned [1], and an axial chiral moiety of the compound repre- 
sented by the formula 
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[22] the production method of the aforementioned [1], wherein an axial chiral moiety of the formula 



30 



35 



40 




45 

wherein each symbol is as defined in the aforementioned [1], and an axial chiral moiety of the compound repre- 
sented by the formula 

50 



55 
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5 



10 



15 



20 




wherein each symbol Is as defined in the aforementioned [1], are each a racemate, 
[23] 2,2 , -bis[bis(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-1 ,V-binaphthyl or a salt thereof, 
25 [24] a phosphine-borane complex represented by the formula 



30 



35 




wherein R 3 *, R 5 ', R 6 ' and R 8 ' are each a hydrogen atom, a lower alkyl group or a lower alkoxy group, and R 4 ' and 
R 7> are each a hydrogen atom, a fluorine atom, a chlorine atom, a alkyl group, a lower alkoxy group, a mono- 

40 lower alkyl ami no group or a di-lower alkylamino group (R 3 - and R 4 ', and R 7 ' and R 8 ' may each form a lower alkylen- 

edioxy group) (provided that R 3 ', R 4 ', R 5 ', R 6 ', R 7 ' and R 8 ' are not hydrogen atoms at the same time), or a salt thereof, 
[25] the phosphine-borane complex of the aforementioned [24], wherein R 3 ', R 5 ', R 6 * and R 8 ' are each a hydrogen 
atom or a lower alkyl group, and R 4 ' and R r are each a hydrogen atom, a fluorine atom, a chlorine atom, a tower 
alkoxy group, a mono-lower alkylamino group or a di-lower alkylamino group, 

45 [26] the phosphine-borane complex of the aforementioned [25], wherein R 3 ', R 5 ', R 6 * and R 8 * are each a hydrogen 

atom, and R 4 ' and R r are each a fluorine atom, a chlorine atom, a lower alkoxy group or a di-lower alkylamino group, 
[27] the phosphine-borane complex of the aforementioned [25], wherein R 3 ', R 5 ', R 6 * and R 8 ' are each a lower alkyl 
group, and R 4 ' and R r are each a hydrogen atom, 

[28] the phosphine-borane complex of the aforementioned [25], wherein R 3 ' , R 5 ' , R 6 ' and R 8 ' are each a lower 
50 alkyl group, and R 4 ' and R 7 ' are each a lower alkoxy group, 

[29] the phosphine-borane complex of the aforementioned [24], wherein R 5 ' and R 6 ' are each a hydrogen atom, 
and R 3 ' and R 4 ', and R 7 ' and R 8 * each form a methylenedioxy group, 

[30] the phosphine-borane complex of the aforementioned [24], wherein R 3 ', R 5 ', R 6 * and R 8 " are each a hydrogen 
atom, and R 4 ' and R 7 ' are each a C 2 ^ alkyl group, 
55 [31] the phosphine-borane complex of the aforementioned [24], wherein R 4 ', R 5 ', R r , and R 8 ' are each a hydrogen 

atom, and R 3 ' and R 6 ' are each a lower alkyl group, 
[32] a phosphine-borane complex represented by the formula 
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wherein R 9, and R 10 ' are each a lower alkyi group, 

[33] a production method of a phosphine-borane complex represented by the formula 




wherein R 3 ', R 5 ', R 6 * and R 8 ' are each a hydrogen atom, a lower alkyi group or a lower alkoxy group, R 4 ' and R r 
are each a hydrogen atom, a fluorine atom, a chlorine atom, a C 2 . 6 alkyi group, a lower alkoxy group, a mono- 
lower alkylamino group or a di-lower alkylamino group, and R 9 " and R 10 ' are each a hydrogen atom or a lower alkyi 
group (R 3 ' and R 4 ', and R r and R 8 * may each form a lower alkylenedioxy group) (provided that R 3 ', R 4 ' R 5 ', R 6 ', 
R 7 ', R 8 ', R 9 ' and R 1<y are not hydrogen atoms at the same time), or a salt thereof, which comprises reducing a 
compound represented by the formula 




wherein each symbol is as defined above, or a salt thereof, with lithium aluminum hydride in the presence of cerium 
chloride and sodium borohydride, 

[34] a production method of an optically active compound, which comprises reducing a compound to be reduced, 
in the presence of an optically active compound represented by the formula 
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wherein R 1a , R 1b , R 1c , R 1d , R 1e , R 1f , R 2a , R 21 , R 20 , R 2 * 1 , R 2 * 5 and R 2 * are the same or different and each is a 
hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted a Iky I group, an optionally substituted 
cycloalkyl group, an optionally substituted aryl group, an optionally substituted hydroxy group, an optionally sub- 
stituted amino group, an optionally substituted alkyicarbonyl group, an optionally substituted alkoxycarbonyl group, 
a carboxyl group or an optionally substituted carbamoyl group and R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and R 10 are the same 
or different and each is a hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted hydrocarbon 
group, an optionally substituted hydroxy group or an optionally substituted amino group, and R 3 and R 4 , and R 7 
and R 8 may each form, together with the adjacent carbon atoms, a 5-to 8-membered homocyclic ring or heterocyclic 
ring or a salt thereof, which is obtained by reacting an optically active compound represented by the formula 




wherein X is a leaving group and other symbols are as defined above, or a salt thereof, with a phosphine-borane 
complex represented by the formula 
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wherein the symbols are as defined above, or a salt thereof, in a solvent in the presence of an amine and a nickel 
catalyst, 

[35] use of a phosphine-borane complex represented by the formula 




wherein R 3 ', R 5 ', R 6 * and R 8 ' are each a hydrogen atom, a lower alkyl group or a lower alkoxy group, R 4 ' and R 7 * 
are each a hydrogen atom, a fluorine atom, a chlorine atom, a C 2 . 6 alkyl group, a lower alkoxy group, a mono- 
lower alkylamino group or a di-lower alkylamino group (R 3 ' and R 4 ', and R 7 ' and R 8 * may each form a lower alkylen- 
edioxy group) (provided that R 3 ', R 4 ', R 5 ', R 6 *, R 7 ' and R 8 ' are not hydrogen atoms at the same time) or a phosphine- 
borane complex represented by the formula 




wherein and R 10 * are each a lower alkyl group, or a salt thereof, for the production of an optically active com- 
pound by asymmetric reduction, 

[36] use of (S)-2,2 , -bis[bis(3 I 5-dkert-butyl-4-methoxyphenyl)phosphinol-1,V-binaphthyl or (RJ^^-bisfbisfS.S-di- 
tert-butyl-4-methoxyphenyl)phosphino)-1,1 , -binaphthyl or a salt thereof for the production of an optically active 
compound by asymmetric reduction, and the like. 

[0009] The compound (I) and compound (II) include an (R) form, an (S) form and a mixture of an (R) form and an 
(S) form (the ratio of the two is not limited). 

[0010] The "alkyl group" of the aforementioned "optionally substituted alkyl group" for R 1a , R 1b , R 1c , R 1d , R 1e R 1f , 
r2b R2b r2c p2d r2c or R2f re fers to, for example, a lower alkyl group (C t ^ alkyl group such as methyl, ethyl, propyl, 
isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.) and the like. 

[0011] As the substituent of the "alkyl group", nitro, nitroso, cyano, hydroxy, a lower alkoxy group (e.g., C 1 ^ alkoxy 
group such as methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentoxy, hexyloxy 
etc.), formyl, a lower alkylcarbonyl group (e.g., C 1 ^alkyl-carbonyl group such as acetyl, propionyl, butyryl, isobutyryl, 
valeryl, isovaleryl, pivaloyl etc.), a lower alkoxycarbonyl group (e.g., C^alkoxy-carbonyl group such as methoxycar- 
bonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyl, isobutoxycarbonyl, sec-butoxycarbonyl, 
tert-butoxycarbonyl, pentoxycarbonyl, hexyloxycarbonyl etc.), carboxyl, an N -mono-lower alky Icarbamoyl group (e.g., 
N-mono-C^ alkyl-carbamoyl group such as N-methylcarbamoyl, N-. ethylcarbamoyi, N-propytearbamoyl, N-isopro- 
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pylcarbamoyl, N-butytcarbamoyl, N-isobutylcarbamoyl, N-tert-buty Carbamoyl etc.), an N.N-di-lower alkylcarbamoyl 
group (e.g., N.N-di-C^e alkyl-carbamoyl group such as N,N-dimethylcarbamoyl t N,N-diethylcarbamoyl, N,N-dipropy1- 
carbamoyl, N,N-diisopropylcarbamoyl, N-ethyl-N-methylcarbamoyl etc.) and the like can be mentioned. It may have 1 
to 3 selected from these substituents at substitutable position(s). 
5 [0012] The "cycloalkyl group" of the "optionally substituted cycloalkyl group" for the aforementioned R 1a R 1b , R 1c , 
R 1d , R 1e , R 1ff , R 2a , R 25 , R 20 , R 2 * R 2 ® or R 2 * refers to, for example, a cycloalkyl group such as cyclop ropy I, cyclobutyi, 
cyclopentyl, cyclohexyl and the like, and the like. 

[0013] As the substituent of the "cycloalkyl group", the same number and the same substituents as the substituents 
that the "optionally substituted alkyl group" for R 1a , R 1b , R 1c , R 1d , R 1e , R 1f , R 23 , R^, R 20 , R 2 * R 20 or R 2 * may have 
10 can be mentioned. 

[0014] The "an/I group" of the "optionally substituted aryl group" for the aforementioned R 1a , R lb , R 1c , R 1d , R 1e , R 1f , 
R2a f R2b f f{2c t R2d R2e or R2f re f ers to, for example, a C^q aryl group such as phenyl, 1 -naphthyt, 2-naphthyl and the 
like, and the like. 

[0015] As the substituent of the "aryl group", the same number and the same substituents as the substituents that 
15 the "optionally substituted alkyl group" for R 1a R 1b ( R 1c , R 1d R 1e , R 1f , R 28 , R^, R 2 *, R 2d R 2a or R* may have can be 
mentioned. 

[0016] As the substituent of the "optionally substituted hydroxy group" for the aforementioned R 1a R 1b R 1c , R 1d , 
R 1e , R 1f , R 23 , R 2 * 1 , R 20 , R 2d , R 23 or R 2 *, an optionally substituted lower alkyl group (e.g., alkyl group such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.), an optionally substituted lower alkylcar- 
20 bonyl group (e.g., alkyl -carbonyl group such as acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl 
etc.) and the like can be mentioned. 

[0017] As the substituent that the "optionally substituted lower alkyl group" and "optionally substituted lower alkyl- 
carbonyl group" may have as the substituent of the "optionally substituted hydroxy group", the same number and the 
same substituents as the substituents that the "optionally substituted alkyl group" for R 1a R 1b R 1c , R 1d R 1e , R 1f , R 28 
25 R2b r2c R2d R2e or p2f mav nave can De mentioned. 

[0018] As the substituent of the "optionally substituted amino group" for the aforementioned R 1a , R 1b , R 1c , R 1d , R 1e , 
R 1f , R 2a , R 2 ^ R 2 * 5 , R 2- , R 23 or R 2 *, an optionally substituted lower alkyl group (e.g., C t _ 6 alkyl group such as methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.), an optionally substituted lower alkylcar- 
bonyl group (e.g., alkyl -carbonyl group such as acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl 
30 etc.) and the like can be mentioned, and the group is optionally mono-substituted or di-substituted by these substituents. 
[0019] As the substituent that the "optionally substituted lower alkyl group" and "optionally substituted lower alkyl- 
carbonyl group" may have as the substituent of the "optionally substituted amino group", the same number and the 
same substituents as the substituents that the "optionally substituted alkyl group" for R 1a R 1b R 1c , R 1d R 1e , R 1f , R 28 
R2b r2c R2d f p2e or p2f ma y nave De mentioned 

35 [0020] As the "alkylcarbonyl group" of the "optionally substituted alkylcarbonyl group" for the aforementioned R 1a 
R 1b , R 1c , R 1d , R 1e , R 1f , R 28 FP>, R 2c , R 2d , R 2e or R 2 *, for example, a lower alkylcarbonyl group (e.g., a C^ 6 alkyl- 
carbonyl group such as acetyl, propionyl, butyryl, isobutyryl, valeryl, isovaleryl, pivaloyl etc.) and the like can be men- 
tioned. 

[0021] As the substituent of the "optionally substituted alkylcarbonyl group", the same number and the same sub- 
40 stituents as the substituents that the "optionally substituted alkyl group" for R 1a , R 1b , R 1c , R 1d R 1e , R 1f , R 28 , R 2 **, R 2c , 
p2d r2o or R2f may have can be mentioned. 

[0022] As the "alkoxycarbonyl group" of the "optionally substituted alkoxycarbonyl group" for the aforementioned 
R 1a R 1b R 1c , R 1d , R 1e , R 1f , R 23 , R 25 , R 2c , R 23 ", R 2e or R* for example, a lower alkoxycarbonyl group (e.g., alkoxy- 
carbonyl group such as methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl, butoxycarbonyi, iso- 
45 butoxycart)onyt, sec-butoxycarbonyl, tert-butoxycarbonyl, pentoxycarbonyl, hexyloxycarbonyl etc.) and the like can be 
mentioned. 

[0023] As the substituent of the "optionally substituted alkoxycarbonyl group", the same number and the same sub- 
stituents as the substituents that the "optionally substituted alkyl group" for R 1a R 1b R 1c , R 1d , R 1e , R 1f , R 23 R 23 , R 2c , 
R 23 ", R 28 or R a may have can be mentioned. 

so [0024] As the substituent of the "optionally substituted carbamoyl group" for the aforementioned R 1a , R 1b , R 1c , R 1d 
R 1e , R 1f , R 28 R 23 , R 2c t R 2 * 1 , R 2e or R* for example, an optionally substituted lower alkyl group (e.g., alkyl group 
such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.), an optionally substituted 
lower alkylcarbonyl group (e.g., alkyl-carbonyl group such as acetyl, propionyl, butyryl, isobutyryl, valeryl, isova- 
leryl, pivaloyl etc.) and the like can be mentioned, and the group is optionally mono-substituted or di-substituted by 

55 these substituents. 

[0025] As the substituent that the "optionally substituted lower alkyl group" and "optionally substituted lower alkyl- 
carbonyl group" may have as the substituent of the "optionally substituted carbamoyl group", the same number and 
the same substituents as the substituents that the "optionally substituted alkyl group" for R 1a , R 1b , R 1c , R 1d R 1e , R 1f , 
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R 2 * R 2 *, R 20 , R 2 * R 2 * 5 or R* may have can be mentioned. 

[0026] As the leaving group for the aforementioned X, for example, a bromine atom, an iodine atom, an optionally 
substituted alkylsutf onyloxy group, an optionally substituted arylsulf onyloxy group and the like can be mentioned. As 
the "optionally substituted alkylsu If onyloxy group" as the leaving group for X, for example, a C,^ alkylsulfonyloxy group 
(e.g., methanesulfonyloxy, ethanesulfonyloxy and the like) optionally having 1 to 13 substituents selected from a hal- 
ogen atom (e.g., fluorine, chlorine, bromine, iodine etc.), an optionally halogen ated C 1-6 alky I group and aC H alkoxy 
group (e.g., methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy etc.), and the like can be mentioned. 
[0027] As the aforementioned "optionally halogenated alkyl group", for example, aC^ alkyl group (e.g., methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.) optionally having 1 to 13, preferably 1 
to 9, halogen atoms (e.g., fluorine, chlorine, bromine, iodine etc.) and the like can be mentioned. 
[0028] Specific examples of the "optionally substituted alkylsulfonyloxy group" as the leaving group for X include 
methanesulfonyloxy, ethanesulfonyloxy, trifluoromethanesulfonyloxy, chloromethanesu If onyloxy, trichloromethanesul- 
fonyloxy, nonafluorobutanesulfonyloxy and the like. Of these, methanesulfonyloxy, trifluoromethanesulfonyloxy and 
the like are preferable. 

[0029] As the "optionally substituted arylsulfonyloxy group" as the leaving group for X, for example, a Cs_ 10 arylsul- 
f onyloxy group (e.g., benzenesulf onyloxy, 1 -naphthalenesulfonyloxy, 2-naphthalenesulf onyloxy and the like) optionally 
having 1 to 5 substituents selected from a halogen atom (e.g., fluorine, chlorine, bromine, iodine etc.), a C t ^ alkyl 
group (e.g., methyl, ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.), a C<j_g alkoxy group 
(e.g., methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy etc.), nitro and cyano, and the like can be mentioned. 
Specific examples thereof include benzenesulfonyloxy, p-toluenesulfonyloxy, 1 -naphthalenesulfonyloxy, 2-naphthale- 
nesulf onyloxy, p-nitrobenzenesulf onyloxy, m-nitrobenzenesulf onyloxy, m-toluenesu If onyloxy, o-toluenesu If onyloxy, 
4-chlorobenzenesulfonyloxy, 3-chlorobenzenesulf onyloxy, 4-methoxybenzenesu If onyloxy and the like. Of these, p-tol- 
uenesulfonyloxy and the like are preferable. 

[0030] As X, methanesulfonyloxy, trifluoromethanesulfonyloxy, p-toluenesulfonyloxy and the like are preferable, and 
trifluoromethanesulfonyloxy is particularly preferable. 

[0031 ] As the "hydrocarbon group" of the "optionally substituted hydrocarbon group" for the aforementioned R 3 , R 4 , 
R 5 , R 6 , R 7 , R 8 R 9 or R 10 , an alkyl group, an alkenyl group, an alkynyl group, a cycloalkyl group, an aryl group, an 
aralkyi group and the like can be mentioned. 

[0032] The "alkyl group" refers to a lower alkyl group (e.g., alkyl group such as methyl, ethyl, propyl, isopropyl, 
butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl etc.) and the like. 

[0033] The "alkenyl group" refers to a lower alkenyl group (e.g., C2_ 6 alkenyl group such as vinyl, alfyl, isopropenyl, 
1-butenyl, 2-butenyl, 3-butenyi, butadienyl, 2-methylallyl, hexatrienyl, 3-octenyl etc.) and the like. 
[0034] The "alkynyl group" refers to a lower alkynyl group (e.g., C 2 . 6 alkynyl group such as ethynyl, 2-propynyl, 
butynyl, 3-hexynyl etc.) and the like. 

[0035] The "cycloalkyl group" refers to, for example, a cycloalkyl group such as cyclopropyl, cyclobutyl, cy- 
clopentyl; cyclohexyl and the like, and the like. 

[0036] The "aryl group" refers to, for example, a aryl group such as phenyl, naphthyl and the like, and the like. 
[0037] The "aralkyi group" refers to, for example, a Cy^ 0 aralkyi group such as benzyl, phenethyi and the like, and 
the like. 

[0038] As the substituent of the "optionally substituted hydrocarbon group" for R 3 , R 4 R5, R6 R 7 , R 8 , R 9 or R 10 , the 
same number and the same substituents as the substituents that the "optionally substituted alkyl group" for R 1a , R 1b , 
R 1c , R 1d , R 1e , R 1f , R 2 * R 2 *, R 20 , R 2 *, R 20 or R 2 * may have can be mentioned. 

[0039] As the "optionally substituted hydroxy group" for the aforementioned R 3 , R 4 R 5 , R 6 , R 7 , R 8 , R 9 or R 10 , those 
similar to the "optionally substituted hydroxy group" for R 1a , R 1b , R 1c , R 1d , R 1e , R 1f , R 2 * R 2 *, R 20 , R 2 * R 26 or R2f can 
be mentioned. Of these, a lower alkoxy group (C^ alkoxy group), namely, a hydroxy group substituted by a lower alkyl 
group (C^ alkyl group) is preferable. 

[0040] As the "optionally substituted amino group" for the aforementioned R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 or R 10 , those 
similar to the "optionally substituted amino group" for R 1 * R 1b , R 1d R 1e , R 1f , R 2 * R 2 * R 2c , R 5 *, R 2 ® or R* can 
be mentioned. Of these, a di-lower alkylamino group (di-C^ alkylamino group), namely, an amino group di-substituted 
by a lower alkyl group (C^ alkyl group) is preferable. 

[0041] As the aforementioned "5- to 8-membered homocyclic ring" that may be formed by R 3 and R 4 and R 7 and R 8 
together with the adjacent carbon atoms, for example, cyclopentane, cyclohexane, cycloheptane, cyclooctane, ben- 
zene and the like can be mentioned. 

[0042] The "5- to 8-membered homocyclic ring" may have substituent(s), and as the substituent, the same number 
and the same substituents as the substituents that the "optionally substituted alkyl group" for R 1a , R 1b , R 1c , R 1d , R 1 °, 
R 1f , R 2 * R 2 * R 2 *, ft 2 *, R 2 ® or R 2 * may have can be mentioned. 

[0043] As the "5- to 8-membered homocyclic ring", a 6-membered homocyclic ring such as cyclohexane, benzene 
and the like are preferable, and benzene is particularly preferable. 
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[0044] As the °5- to 8-membered heterocyclic ring" that may be formed by R 3 and R 4 and R 7 and R 8 together with 
the adjacent carbon atoms, for example, pyrrole, imidazole, pyrrolidine, pyrroline, imidazolidine, imidazoline, pyridine, 
pyrazine, pyrimidine, piperidine, pyrimidine, oxazole, furan, pyran, 1 ,3-dioxolane, 1 ,4-dioxane and the like can be men- 
tioned. 

[0045] The "5- to 8-membered heterocyclic ring" may have substituent(s), and as the substituent, the same number 
and the same substituents as the substituents that the "optionally substituted alkyl group" for R 1a , R 1b , R 1c , R 1d , R 1e , 
R 1f , R 23 , R 24 *, R 20 , B 26 , R 2e or R 2 * may have can be mentioned. 

[0046] As the "5- to 8-membered heterocyclic ring", oxygen-containing heterocyclic rings are preferable, and of such 
rings, 1 ,3-dioxolane, 1 ,4-dioxane and the like are preferable, and 1 ,3-dioxolane is particularly preferable. 
[0047] As the compound (II), a compound wherein R 1a and R 2 * , R 1b and R 2 *, R 1c and R 2 * R 1d and R 2d , R 1e and 
R 2 ®, and R 1f and R 2 * are respectively the same groups is preferable, and a compound wherein R 1a , R 1f , R 2 * 1 and R 2 * 
are each a hydrogen atom is particularly preferable. Furthermore, a compound wherein R 1a , R 1b , R 1c , R 1f , R 28 , R 2 *', 
R 20 and R 2 * are each a hydrogen atom, R 1d and R 2 * 1 are each a hydrogen atom or a Cq. w aryl group, and R 1e and R 2e 
are each a hydrogen atom or a C,^ alkoxy group is preferable, and a compound wherein R 1a R 1b , R 1c , R 1d , R 1e , R 1f , 
R2a f R2b r2c R2d r2© anc | R2f are eacn a hydrogen atom is particularly preferable. 

[0048] Specific examples of compound (II) include 2,2 , -bis(methanesulfonyloxy)-1,1 binaphthyl, 2,2 , -bis(trifluor- 
omethanesulfonyloxy)-1 ,1 '-binaphthyl, 2,2'-bis(p-toluenesuffonyloxy)-1 ,1 -binaphthyl, e.S'-diphenyl^'-bisftrifluor- 
omethanesulfonyloxy)-1 ,1 '-binaphthyl, /^-dimethoxy^^'-bis^if I uorometha^esulfonyloxy)-1,1 , -binaphthyl and the 
like. Of these, 2 ^'-bisjtrifluoromethanesulfonyloxy)- 1,1 -binaphthyl, 6,6 , -diphenyl-2,2bis(trifluoromethanesulfony- 
loxy)-1,1 '-binaphthyl, T.T'-dimethoxy^^'-bisttrifluoromethanesulfonyloxy)-! .I'-binaphthyl and the like are preferable, 
and 2,2'-bis(trifluoromethanesulfonyloxy)-1 ,1'-binaphthyl is more preferable. 

[0049] As compound (II), an optically active compound (II) [(R) form or (S) form] is preferable. As an example of the 
optically active compound (II), (R^^'-bisprifluoromethanesulfonyloxyJ-l ,1'-binaphthyl means a compound represent- 
ed by the formula 



and (S)-2,2'-bis(trifluoromethanesulfonyloxy)-1 ,1 '-binaphthyl means a compound represented by the formula 



[0050] As compound (III), a compound wherein R 3 is a hydrogen atom or a C.,_ 6 alkyl group, R 4 is a hydrogen atom, 
a fluorine atom, a chlorine atom, a alkyl group, a Cg_ 10 aryl group, a C^ 6 alkoxy group or a di-C^ alkylamino 
group, or R 3 and R 4 form, together with the adjacent carbon atoms, a benzene ring or a 1 ,3-dioxolane ring, R 5 is a 
hydrogen atom or a C^. B alkyl group, R 6 is a hydrogen atom or a alkyl group, R 7 is a hydrogen atom, a fluorine 
atom, a chlorine atom, a C A _ 6 alkyl group, a C 6 . 10 aryl group, a C 1-6 alkoxy group or a di-C^ alkylamino group, R 8 is 
a hydrogen atom or a C 1 . 6 alkyl group, or R 7 and R 8 form, together with the adjacent carbon atoms, a benzene ring or 
a 1 ,3-dioxolane ring, R 9 is a hydrogen atom or a C 1 ^ alkyl group, and R 10 is a hydrogen atom or a alkyl group is 
preferable. 

[0051] Particularly, a compound wherein R 3 , R 5 , R 6 and R 8 are the same group, R 4 and R 7 are the same group, and 
R 9 and R 10 are each a hydrogen atom is preferable. For example, (i) a compound wherein R 3 , R 4 R 5 , R 6 , R 7 , R 8 , R 9 
and R 10 are each a hydrogen atom, (ii) a compound wherein R 3 , R 5 , R 6 , R 8 , R 9 and R 10 are each a hydrogen atom, 
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and R 4 and R 7 are each a fluorine atom or a chlorine atom, (iii) a compound wherein R 3 , R 5 , R 6 , R 8 , R 9 and R 10 are 
each a hydrogen atom, and R 4 and R 7 are each a lower alkyl group (C^ alkyl group) , (iv) a compound wherein R 3 , 
R 5 , R 6 , R 8 , R 9 and R 10 are each a hydrogen atom, and R 4 and R 7 are each a lower alkoxy group (C^ alkoxy group) , 
(v) a compound wherein R 3 , R 5 , R 6 , R 8 , R 9 and R 10 are each a hydrogen atom, and R 4 and R 7 are each a di-lower 
alkylamino group (di-C^Q alkytamino group) , (vi) a compound wherein R 3 , R 5 , R 6 and R 8 are each a lower alkyl group 
(C^ alkyl group), and R 4 - R 7 , R 9 and R 10 are each a hydrogen atom, (vii) a compound wherein R 3 , R 5 , R 6 and R 8 are 
each a lower alkyl group {C,_ s alkyl group), R 4 and R 7 are each a lower alkoxy group (C^ alkoxy group), and R 9 and 
R 10 are each a hydrogen atom and (viii) a compound wherein R 3 , R 5 , R 6 , R 8 , R 9 and R 10 are each a hydrogen atom, 
and R 4 and R 7 are each a C^q aryl group can be mentioned. 

[0052] Particularly, (i) a compound wherein R 3 R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and R 10 are each a hydrogen atom, (ii) a 
compound wherein R 3 , R 5 , R 6 , R 8 , R 9 and R 10 are each a hydrogen atom, and R 4 and R 7 are each a lower alkyl group 
(C^ alkyl group) , (iii) a compound wherein R 3 , R 5 , R 6 , R 8 , R 9 and R 10 are each a hydrogen atom, and R 4 and R 7 are 
each a lower alkoxy group (C^ alkoxy group) , (iv) a compound wherein R 3 R 5 , R 6 and R 8 are each a lower alkyl 
group (C^ alkyl group), and R 4 , R 7 , R 9 and R 10 are each a hydrogen atom and (v) a compound wherein R 3 , R 5 , R 6 
and R 8 are each a lower alkyl group (C^ alkyl group), R 4 and R 7 are each a lower alkoxy group (C^ alkoxy group), 
and R 9 and R 10 are each a hydrogen atom are preferable. 

[0053] In addition, as preferable examples thereof, (i) a compound wherein R 3 and R 6 are each a lower alkyl group 
(C^ alkyl group), and R 4 R 5 , R 7 , R 8 , R 9 and R 10 are each a hydrogen atom and (ii) a compound wherein R 3 and R 4 
and R 7 and R 8 form, together with the adjacent carbon atoms, a benzene ring or a 1 ,3-dioxolane and R 5 , R 6 , R 9 and 
R 10 are each a hydrogen atom can be also mentioned. 

[0054] Specific examples of compound (III) include a diphenylphosphine-borane complex, a bis(4-methylphenyl) 
phosphine-borane complex, a bis(4-methoxyphenyl)phosphine-borane complex, a bis (3,5-dimethylphenyl)phosphine- 
borane complex, a bis(3,5-di4ert-butyl-4-methoxyphenyl)phosphine-borane complex, a bis(4-f luorophenyl)phosphine- 
borane complex, a bis(4-dimethylaminophenyl)phosphine-borane complex, a bis(1 ,3-benzodioxol-5-yl)phosphine-bo- 
rane complex, a bis(4-chlorophenyl)phosphine-borane complex, a bis(3,5-dimemyi-4-memoxyphenyl)phosphine-bo- 
rane complex, a bis(4-tert-butylphenyl)phosphine-borane complex, a bis(3-methylphenyl)phosphine-borane complex, 
a bis(3,5-di-tert-butylphenyl)phosphine-borane complex and the like. 

[0055] As the "amine" to be used in the present invention, for example, amines such as 1 ,4-diazabicyclo[2.2.2]octane 
(abbreviated as DABCO), triethylamine, diisopropylethylamine, tri(n-propyl)amine, tri(n-butyl)amine, 1 ,8-diazabicyclo 
[5.4.0]-7-undecene (abbreviated as DBU), tetramethylethylenediamine, dimethylaniline, 1 ;4-dimethylpiperazine, 
1-methylpiperidine, 1-methylpyrrolidine, 4-dimethylaminopyridine, pyridine, diethylamine and the like can be men- 
tioned. Of these, tertiary amines such as 1 ,4-diazabicyclo[2.2.2]octane, triethylamine, diisopropylethylamine and the 
like are preferable. Particularly, 1 ,4-diazabicyclo[2.2.2]octane is preferable. 

[0056] As the nickel catalyst to be used in the present invention, NiC^-bisfdiphenyl) phosphino alkane, NiBr 2 , 
NiCI 2 , NiCl2«bis(diphenyl)phosphinyl ferrocene, NiC^. bis(triphenylphosphine), Nitetrakistriphenylphosphine, Ni- tet- 
rakistriphenylphosphite, Ni- dicarbonylbis(triphenyl)phosphine, NiBr 2 - bis(triphenylphosphine), Nibisfl ,5-cyclooctadi- 
ene), Ni-bis(cyclopentadienyl), Ni-bis(ethylcyclopentadienyl), NiCI 2 -dimethoxyethane, N\{SF^ 2 orNi(PF 3 ) 4 andthelike 
can be mentioned. 

[0057] Of these, NiCfe-bistdiphenyOphosphino C,^ alkane, NiBr 2 , NiCfe, NiCI 2 bis(diphenyl)phosphinyl ferrocene, 
NiCI 2 - bis(triphenylphosphine), Ni-tetrakistriphenylphosphine, Ni- tetrakistriphenylphosphite or Ni- dicarbonylbis(triphe- 
nyi)phosphine and the like are preferable. 

[0058] Specifically, NiCI 2 -bis(diphenyl)phosphino alkane and the like are preferable, and NiCI 2 -bis(diphenyl) 
phosphinoethane is particularly preferable. 

[0059] Specific examples of compound (I) include 2,2 , -bis[bis(3,5-dimethyiphenyl)phosphino]-1 ,1 '-binaphthyl, 2,2*- 
bis[bis(4-methoxyphenyl)phosphino]-1 ,1 -binaphthyl, 2^'-bis[bis(4-dimethylaminophenyl)phosphino]-1 ,1 '-binaphthyl, 
2,2'-bis[bis(4-fluorophenyl)phosphino)-1 ,1 -binaphthyl, 2,2 , -bis[bis(3,5-di-tert-butyl-4-methoxyphenyl)phosphinol-1 ,1 '- 
binaphthyl, 2,2'-bis(diphenylphosphino)-1 .V-binaphthyl, 2,2'-bis[bis(2-methylphenyl)phosphino]-1 ,t '-binaphthyl, 2,2*- 
bis[bis(3-methylphenyl)phosphino]-1 ,1 '-binaphthyl, 2,2 , -bis[bis{4-methylphenyl)phosphino]-l,1 '-binaphthyl, 2,2'-bis[bis 
(4-tert-butylphenyl?phosphino]-1 ,1 '-binaphthyl, 2,2'-bis[bis(3,5-di-tert-butylphenyl)phosphino]-1 ,r-binaphthyl, 2,2'-bis 
[bis(4-methoxy-3,5-dimethylphenyl)phosphino]-1,r-binaphthyl, 2^'-bis[bis(4-chlorophenyl)phosphino)-1 ,1'-binaph- 
thyl, 2,2'-bis[bis(1 ,3-benzodioxol-5-yl)phosphino]-1 ,1 '-binaphthyl, 2,2'-bis[bis(2-naphthyl)phosphino]-1 .t'-binaphthyl, 
2,2'-bis(diphenylphosphino)-6,6'-diphenyl-1 ,1 '-binaphthyl, 2,2'-bis(diphenylphosphino)-7,7 , -dimethoxy-1 , 1 '-binaphthyl 
and the like. The above-mentioned compounds include an (R) form, an (S) form and a mixture of an (R) form and an 
(S) form (the ratio of the two is not limited). As the optically active compound (I), for example, (R)-2,2'-bis(diphenyl- 
phosphino)-1 ,1'-binaphthyl means a compound represented by the formula 
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and (S)-2,2M)is(diphenylphosphinoH J'-binaphthyl means a compound represented by the formula 

15 
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25 

[0060] As salts of compound (I), compound (II) and compound (III), for example, salts with inorganic acids (e.g., 
hydrochloric acid, hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid and the like), or salts with organic acids 
(e.g., formic acid, acetic acid, trifluoroaceticacid, fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid, succinic 

30 acid, malic acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid and the like) and the like are used. 
When compound (I), compound (II) and compound (III) have an acidic group such as a carboxyl group and the like, 
salts with inorganic base (e.g., alkali metal or alkaline earth metals such as sodium, potassium, calcium, magnesium 
and the like, ammonia and the like), or salts with organic base (e.g., trimethylamine, triethylamine, pyridine, picoline, 
ethanolamine, diethanolamine, triethanolamine, dicyclohexylamine, N,N'-dibenzylethyienediamine and the like) and 

35 the like are used. 

[0061] Of compounds (III), a phosphine-borane complex represented by the formula 



40 



45 




(iir) 



wherein R 3 ', R 5 ', R 6 ' and R 8 ' are each a hydrogen atom, a lower alkyl group or a lower alkoxy group, and R 4 ' and R r 
are each a hydrogen atom, a fluorine atom, a chlorine atom, a C 2 . 6 alkyl group, a lower alkoxy group, a mono-lower 
alky lam ino group or a di-lower alkylamino group (R 3> and R 4> and R r and R 8> may form a lower alkylenedioxy group) 
so (provided that R 3 ', R 4 ', R 5 ', R 6 *, R r and R 8, are not hydrogen atoms at the same time), and a salt thereof [hereinafter 
sometimes to be abbreviated as compound (III 1 )] and a phosphine-borane complex represented by the formula 
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(III*) 



wherein R 9 " and R 1(y are each a lower alkyl group, and a salt thereof [hereinafter sometimes to be abbreviated as 
compound (III") are novel compounds. 

[0062] In compound (III'), the "lower alkyl group" for R 3 ', R 5 ', R 6 * or R* is a C-f.£ alkyl group and, for example, methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, sec-butyl, tert-butyl, pentyl, hexyl and the like can be mentioned. 
[0063] In compound (IIP), the "lower alkoxy group" for R 3 ', R*', R 8 * or R 8 ' is a C-|_g alkoxy group and, for example, 
methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentoxy, hexyloxy and the like can 
be mentioned. 

[0064] In compound (III"), as the "C 2 ^ alkyl group" for R 4 ' or R 7 , for example, ethyl, propyl, isopropyl, butyl, isobutyl, 
sec-butyl, tert-butyl, pentyl, hexyl and the like can be mentioned. In these, branched alkyl groups such as isopropyl, 
isobutyl, sec-butyl, tert-butyl and the like are preferable. 

[0065] In compound (IIP), the "lower alkoxy group" for R 4 ' or R r is a alkoxy group and, for example, methoxy, 
ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy, tert-butoxy, pentoxy, hexyloxy and the like can be men- 
tioned. 

[0066] In compound (IIP), the "mono-lower alkylamino group" for R 4 ' or R 7 * is a mono-C^ alkylamino group and, for 
example, methylamino, ethylamino, propytamino, isopropy (amino, butylamino, isobutylamino, sec-butylamino, tert- 
butylamino, pentylamino, hexylamino and the like can be mentioned. 

[0067] In compound (IIP), the "di-lower alkylamino group" for R 4 ' or R r is a di-C^e alkylamino group and, for example, 
dimethylamino, diethylamino, dipropylamino, diisopropylamino, dibutylamino, diisobutylaminoandthe like can be men- 
tioned. 

[0068] In compound (IIP), the "lower alkylenedioxy group" formed by R 3 ' and R 4 ', or R 7 ' and R 8 ' is exemplified by 
-OCH 2 0-, -OCH 2 CH 2 0-, -OCH 2 CH 2 CH 2 0-, -OCH 2 CH 2 CH 2 CH 2 0- and the like. Of these, - OCH 2 0- and -OCH 2 CH 2 0- 
are preferable. 

[0069] As the compounds preferable as compound (IIP), 

(i) a compound wherein R 3 ', R 5 ', R 6 * and R 8 ' are each a lower alkyl group (C,_ 6 alkyl group) , and R 4 ' and R 7 ' are 
each a hydrogen atom, 

(ii) a compound wherein R 3 ', R 5 ', R 6 * and R 8 ' are each a lower alkyl group (C 1 . 6 alkyl group), and R 4 ' and R 7 ' are 
each a lower alkoxy group (C 1 . 6 alkoxy group) , 

(Hi) a compound wherein R 3 ', R 5 ', R 6 * and R 8 ' are each a hydrogen atom, and R4' and R r are each a fluorine atom 
or a chlorine atom, 

(iv) a compound wherein R 3 ', R 5 ', R 6 * and R 8 * are each a hydrogen atom, and R 4 ' and R 7 * are each a lower alkoxy 
group (C 1 ^ alkoxy group) and 

(v) a compound wherein R 3 ', R 5 ', R 6 ' and R 8 * are each a hydrogen atom, and R 4 ' and R r are each a di-lower 
alkylamino group (di-C^ alkylamino group), salts thereof and the like can be mentioned. 

In addition, 

(vi) a compound wherein R 5 ' and R 8 ' are each a hydrogen atom, and R 3 ' and R 4 ', and R 7 ' and R 8 ' each forni a 
methylenedioxy group, 

(vii) a compound wherein R 3 ', R 5 ', R 6 ' and R 8 * are each a hydrogen atom, and R 4 ' and R r are each a alkyl 
group, and 

(viii) a compound wherein R 4 ', R 5 ', R 7 " and R 8 ' are each a hydrogen atom, and R 3 ' and R 6 ' are each a lower alkyl 
group (C^ alkyl group) are also preferable. 

[0070] More specifically, a bis(3,5-dimethylphenyl)phosphine-borane complex, a bis(3,5-di-tert-butyl-4-methoxyphe- 
nyl)phosphine-borane complex, a bis(4-fluorophenyl)phosphine-borane complex, a bis(4-methoxyphenyl)phosphine- 
borane complex, a bis(4-dimethylaminophenyl)phosphine-borane complex, a bis(1 ,3-benzodioxol-5-yl)phosphine-bo- 
rane complex, a bis(4-chlorophenyl)phosphine-borane complex, a bis(4-methoxy-3,5-dimethylphenyl)phosphine-bo- 
rane complex, a bis(4-tert-butylphenyl)phosphine-borane complex, a bis(3-methylphenyl)phosphine-borane complex, 
a bis(3,5-di-tert-butylphenyl)phosphine-borane complex and the like are preferable. 
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[0071J In compound (III"), the "lower alkyl group' for R 9 * or R 10 ' is a alkyl group and, for example, methyl, ethyl, 
propyl, isopropyl, butyl, isobutyl, sec-butyl, tert -butyl, pentyt, hexyl and the like can be mentioned. 
[0072] Specific examples of compound (III") include a bis(2-methylphenyt)phosphine-borane complex and the like. 
[0073] As the salts of compound (III 1 ) and compound (III"), those similarto the salts of the aforementioned compound 
s (I), compound (II) and compound (III) can be mentioned. 

[0074] The production method of the present invention comprises reacting compound (II) with compound (III) in a 
solvent in the presence of an amine and a nickel catalyst to give compound (I). 

[0075] The amount of compound (III) to be used is about 2 to 5 mol, preferably about 2 to 3 mol, per 1 mol of compound 
(II). 

10 [0076] The amount of the amine to be used is about 2 to 1 0 mol, preferably about 2 to 8 mol, per 1 mol of compound (II). 
[0077] The amount of the nickel catalyst to be used is about 0.01 to 10 mol, preferably about 0.05 to 1 mol, per 1 
mol of compound (II). 

[0078] The aforementioned reaction can be carried out in an inert organic solvent. As the organic solvent, hydrocar- 
bons (e.g., hexane, pentane, cyclohexane etc.), amides (e.g., N,N-dimethytformamide (DMF), N,N-dimethytacetamide, 

is N-methylpyrrolidone, 1 ,3-dimethyt-2-imidazo!idinone etc.), aromatic hydrocarbons (e.g. , toluene, benzene, ch loroben- 
zene etc.), aliphatic esters (e.g., ethyl acetate, n-propyl acetate, n-butyl acetate etc.), ethers (e.g., diisopropyl ether, 
diethyl ether, tetrahydrofuran (THF), 1,4-dioxane, 1 ,2-dimethoxyethane etc.), halogenated hydrocarbons (e.g., chloro- 
form, dichloromethane, 1 ,2-dichloroethane, carbon tetrachlorides etc.), alcohols (e.g., methanol, ethanol, isopropanol, 
tert-butanol etc.), ketones (e.g., acetone, ethyl methyl ketone etc.), sulfoxides (e.g., dimethyl sulfoxide etc.), nitriles (e. 

20 g. f acetonitrile, propionitrile etc.), phosphoric acid amides (e.g., hexamethyiphosphoric acid amide etc.) and the like 
can be mentioned. These solvents may be used alone or in the form of a mixed solvent. Preferable solvents are amides, 
sulfoxides, phosphoric acid amides and the like. More preferred are amides (N,N-dimethylformamide (DMF), N,N- 
dimethylacetamide, N-methylpyrrolidone, 1 ,3-dimethyl-2-imidazolidinone). 

[0079] The reaction temperature of the reaction is about 30 to 180°C, preferably about 80 to 120°C. The reaction 

25 time of the reaction is about 1 to 240 hrs., preferably about 24 to 1 68 hrs. 

[0080] The product can be also isolated from a reaction mixture according to conventional methods, and easily 
purified by separation means such as recrystallization, distillation, chromatography and the like. 
[0081] The compound (II) can be produced according to a method known per se, such as the methods described in, 
for example, Tetrahedron Letters, vol. 31 , p. 985 (1 990), Journal of Organic Chemistry, vol. 58, p. 1 945 (1 993) and the 

30 like. The compound (II) thus obtained may be used for the reaction with compound (III) in the form of a reaction mixture 
without isolation. 

[0082] The compound (III) can be produced by reacting phosphine oxide having substituent(s), which is obtained 
according to the method described in Journal of Organic Chemistry, vol. 33, p. 3690 (1968), in the presence of cerium 
chloride, sodium borohydride and lithium aluminum hydride 

35 




(III) 

45 



wherein each symbol is as defined above. 

[0083] The amount of cerium chloride to be used is about 1 to 6 mol, preferably about 3 to 5 mol, per 1 mol of 
phosphine oxide. 

50 [0084] The amount of sodium borohydride to be used is about 2 to 1 0 mol, preferably about 3 to 5 mol, per 1 mol of 
phosphine oxide. 

[0085] The amount of lithium aluminum hydride to be used is about 0.25 to 5 mol, preferably about 1 to 3 mol, per 
1 mol of phosphine oxide. 

[0086] The aforementioned reaction can be carried out in an inert organic solvent. As the organic solvent, hydrocar- 
55 bons (e.g., hexane, pentane, cyclohexane etc.), amides (e.g., N,N-dimethylformamide (DMF), N,N-dimethylacetamide, 
N-methylpyrrolidone, 1 ,3-dimethyl-2-imidazolidinone etc.), aromatic hydrocarbons (e.g., toluene, benzene, chloroben- 
zene etc.), ethers (e.g., diisopropyl ether, diethyl ether, tetrahydrofuran (THF), 1 ,4-dioxane, 1 ,2-dimethoxyethane etc.), 
phosphoric acid amides (e.g., hexamethyiphosphoric acid amide etc.) and the like can be mentioned. These solvents 
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may be used alone or in the form of a mixed solvent. Preferable solvents are ethers, hydrocarbons, aromatic hydro- 
carbons and the like. More preferable solvents are ethers (e.g., diisopropyl ether, diethyl ether, tetrahydrofuran (THF), 
1 ,4-dioxane, 1 t 2-dimethoxyethane and the like). 

[0087] The reaction temperature of the reaction is about -20 to 50°C, preferably about -1 0 to 35°C. The reaction time 
5 of the reaction is about 1 to 48 hrs., preferably about 1 to 20 hrs. 

[0088] It is also possible to react phosphine having substituent(s) with diborane according to the method described 
in US patent No. 2,926,194 to give compound (III). 

[0089] The product can be also isolated from a reaction mixture according to conventional methods, and easily 
purified by separation means such as recrystallization, distillation, chromatography and the like. 
10 [0090] The compound (III) thus obtained may be used for the reaction with compound (II) in the form of a reaction 
mixture without isolation. 

[0091] By performing the reactions under the aforementioned conditions, compound (I) can be produced without 
isomerizing the structure of compound (II). That is, in the present invention, if an optical isomer of either an (R) form 
or an (S) form of optically active compound (II) is appropriately selected, an optical isomer of the object compound (I) 
15 can be selectively obtained. For example, when an (R) form of compound (II) is used, an (R) form of compound (I) can 
be produced efficiently, and when an (S) form of compound (II) is used, an (S) form of compound (I) can be produced 
efficiently. 

[0092] The compound (I) obtained by the production method of the present invention, particularly an optical isomer 
thereof, can be used for the asymmetric synthesis reaction (e.g., asymmetric reduction of carbon-carbon double bond, 

20 asymmetric reduction of p-keto ester etc.) for the production of a compound useful as an optically active pharmaceutical 
product (e.g., a drug for the prophylaxis or treatment of increased urinary frequency or urinary incontinence, a drug for 
the prophylaxis or treatment of Alzheimer's disease, a drug for the prophylaxis or treatment of hyperiipidemia etc.) or 
an intermediate therefor, by forming a complex (e.g., a complex can be formed according to the method described in 
JP-A-H3-255090, J P-A-H9- 124669 or a method analogous thereto) with a transition metal (e.g., ruthenium, iridium, 

25 palladium, nickel, rhodium etc.). This complex shows superior stereoselective rate, chemical yield, catalytic property 
and the like in the above-mentioned asymmetric synthesis reaction. 

[0093] For example, the reduction reaction of the compound to be reduced is carried out in the co-presence of com- 
pound (I) obtained by the production method of the present invention, whereby a compound useful as an intermediate 
for a pharmaceutical product can be obtained with superior stereoselectivity. Particularly, the reduction reaction of a, 
30 p-unsaturated ester is carried out in the co-presence of 2,2 , -bis[bis(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-1 , 1 - 
binaphthyl or a salt thereof, from among compounds (I), whereby superior stereoselectivity, chemical yield and catalytic 
property can be achieved. 

[0094] The present invention is explained in more detail in the following by way of Examples and Reference Exam- 
ples, which are not to be construed as limitative. In the specification, room temperature means 10°C to 35°C. For the 

35 measurement of each property in Examples, the following instruments were used. 1 H nuclear magnetic resonance 
spectrum ( 1 H-NMR): DPX300 (manufactured by Bruker), internal standard substance: tetramethylsilane. 13 C nuclear 
magnetic resonance spectrum ( 13 C-NMR) : DPX300 (manufactured by Broker), internal standard substance: 
CDCI 3 . 31 P nuclear magnetic resonance spectrum (^P-NMR): DPX300 (manufactured by Bruker), external standard 
substance: 85% aqueous H 3 P0 4 solution. Mass spectrometry: JMS-700T (manufactured by JEOL). melting point: 530 

40 (manufactured by Buchi). 

Examples 

Reference Example 1 

45 

(SJ^'-bisftrifluoromethanesulfonyloxyH , 1 '-binaphthyl 

[0095] To a solution of (S)-1 ,1'-bi-2-naphthol (26.2 g, 91 mmoL) in acetonitrile (130 ml_) was added pyridine (1 9.5 g, 
2.7 equivalents) at room temperature. Then, trifluoromethanesulfonic anhydride (64.2 g, 2.5 equivalents) was added 

so at 5°C, and the mixture was stirred at 5 to 10°C for 2 hrs. Water (100 ml_) was added at 3°C, and ethyl acetate (130 
mL) was added, and the mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and 
the organic layer was washed with water (50 mL) and concentrated under reduced pressure. To the residue were added 
diisopropyl ether (150 mL) and activated carbon (0.25 g) and the mixture was stirred at 60°C for 30 min. The activated 
carbon was filtered off and the filtrate was concentrated under reduced pressure. The residue was recrystallized from 

55 heptane to give the title compound (48.9 g, white crystals), yield 97% 

1 H-NMR (300MHz, CDCI 3j TMS) 8: 7.33 (d f 2H, J = 8.14 Hz), 7.34-7.46 (m, 2H), 7.57-7.63 (m, 2H), 7.68 (d, 2H, J = 
9.09 Hz), 8.03 (d, 2H, J = 8.23 Hz), 8.16 (d, 2H, J = 9.08 Hz). 
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Reference Example 2 



bis(3,5-dimethylphenyl)phosphine oxide 



[0096] 




10 



15 



20 



25 



30 



35 



40 



45 



50 



(Production Method 1) 

[0097] Under an argon atmosphere, a solution of magnesium (25 g, 0.95 equivalent) and a small amount of iodine 
in THF (250 mL) was stirred at room temperature for 1 hr. 5-Bromo-m-xylene (200 g, 1 .08 moL) was added at 48°C, 
and the mixture was stirred at 5°C for 1 hr. Diethyl phosphite (78.3 g, 0.52 equivalent) was added at 5°C, and the 
mixture was stirred at 5°C for 2 hrs. Water (200 mL) was added at 3°C, and toluene (200 mL) and 6M-HCI (160 mL) 
were added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the 
organic layer was washed successively with water (1 00 mL), 5% aqueous NaHC0 3 solution (1 00 mL) and 5% aqueous 
NaCI solution (100 mL). The organic layer was dried over anhydrous magnesium sulfate and filtered by gravity. The 
filtrate was concentrated under reduced pressure and the residue was recrystallized from diisopropyt ether-heptane 
to give the title compound (43.3 g, white crystals), yield 33.3%. 

(Production Method 2) 

[0098] Under a nitrogen stream, a solution of magnesium (3.28 g, 4.01 equivalents), a small amount of iodine and 
1 ,2-dibromoethane in THF (10 mL) was stirred at room temperature for 1 .5 hrs. A solution of 5-bromo-m-xylene (25.2 
g, 4.05 equivalents) in THF (100 mL) was added at 25°C, and the mixture was stirred at 40°C for 40 min. A solution 
of diethyl phosphite (4.64 g, 33.6 mmol) in THF (5 mL) was added at -33°C, and the mixture was stirred at 0°C for 30 
min. Water (30 mL) was added at 3°C, and 6M-HCI (20 mL) and toluene (50 mL) were added. The mixture was stirred 
at room temperature for 30 min. The reaction mixture was partitioned, and the organic layer was washed with 10% 
aqueous NaHC0 3 solution (30 mL), and the organic layer was concentrated under reduced pressure. The residue was 
recrystallized from heptane and dried (reduced pressure, 50°C) to give the title compound (6.80 g, white powder), yield 
78.3%. melting point: 82.4°C. 

1H-NMR (300MHz, CDCI3, TMS) 6: 2.35 (s, 12H), 7.18 (s, 2H), 7.28 (s, 2H), 7.33 (s, 2H), 7.94 (d, 1H, J^p = 477.0 
Hz). 31 P-NMR (121MHz, CDCI3, 85%H 3 P04) 6: 23.89 (d, quint, = 477.1 Hz, J^^p = 13.7 Hz). 

Reference Example 3 

bis(4-methoxyphenyl)phosphine oxide 



[0100] Under an argon atmosphere, a solution of magnesium (6.5 g, 1 .0 equivalent) and a small amount of iodine 
in THF (65 mL) was stirred at room temperature for 1 hr. 4-Bromoanisole (50 g, 0.27 moL) was added at 42°C, and 
the mixture was stirred at 5°C for 1 hr. Then, diethyl phosphite (18.4 g, 0.50 equivalent) was added at 15 to 20° C, and 
the mixture was stirred at 5°C for 1 hr. Water (60 mL) was added at 3°C, and toluene (120 mL) and 6M-HCI (60 mL) 
were added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the 
aqueous layer was extracted 3 times with toluene (60 mL). The combined organic layer was dried over anhydrous 
magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced pressure. The residue was 
recrystallized from diisopropyl ether to give the title compound (18.9 g, white crystals), yield 54.1%. melting point: 
126.0°C. 
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1 H-NMR (300 MHz, CDCI 3 , IMS) 8: 3.85 (s, 6H), 6.99 (d, 2H, J = 8.79 Hz), 7.00 (d, 2H, J = 8.73 Hz), 7.61 (dd, 4H, J 
= 8.73 Hz, 13.13 Hz), 8.02 (d, 1H, J = 477.2 Hz). 

31 P-NMR (121 MHz, CDCI3, 85%H3P0 4 ) 8: 21.21 (dquint, J = 474.1 Hz, 13.0 Hz). 



5 


Elemental Analysis for C 14 H 15 0 3 P 




Calculated; 


C: 64.12, 


H: 5.77, 


P:11.81. 




Found; 


C: 64.12, 


H:5.89, 


P:11.78. 



w Reference Example 4 



bis (4-dimethylaminophenyl)phosphine oxide 
[0101] 

15 
20 

[0102] Under an argon atmosphere, a solution of magnesium (3.0 g, 1 .0 equivalent) and a small amount of iodine 
in THF (30 ml_) was stirred at room temperature for 1 hr. 4-Bromo-N,N-dimethylaniline (25 g, 0.125 moL) was added 
at 45°C, and the mixture was stirred at 5°C for 1 hr. Then, diethyl phosphite (8.63 g, 0.50 equivalent) was added at 
5°C, and the mixture was stirred at 5°C for 1 hr. Water (30 mL) was added at 3°C, and then toluene (60 mL) and 

25 6M-HCI (30 mL) were added. The mixture was stirred at room temperature for 30 min. The reaction mixture was par- 
titioned, and the aqueous layer was neutralized with NaOH and extracted with THF (30 mL). The combined organic 
layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced 
pressure. The residue was recrystallized from diisopropyl ether to give the title compound (9.53 g, slightly brown white 
crystals), yield 52.9%. melting point: 152.1°C. 

30 1 H-NMR (300 MHz, CDCI 3 , TMS) 6: 3.01 (s, 12H), 6.71 (d, 2H, J = 8.94 Hz), 6.72 (d, 2H, J = 8.94 Hz), 7.48 (d, 2H, J 
= 8.91 Hz), 7.52 (d, 2H, J = 8.8B Hz), 7.96 (d,1H, J = 470.1 Hz). 
31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 8: 22.78 (dquint, J = 469.2 Hz, 12.7 Hz). 



Elemental Analysis for C 16 H 2 iN 2 OP 


Calculated; 
Found; 


C:66.65, 
66.56, 


H: 7.34, 
H: 7.43, 


N:9.72, 
N:9.57, 


P:10.74. 
P:10.79. 



Reference Example 5 

AO 

bis(4-fluorophenyl)phosphine oxide 
[0103] 




so [0104] Under an argon atmosphere, a solution of magnesium (6.95 g, 1 .0 equivalent) and a small amount of iodine 
in THF (70 mL) was stirred at room temperature for 1 hr. 1-Bromo-4-fluorobenzene (50 g, 0.286 moL) was added at 
40°C, and the mixture was stirred at 3°C for 1 hr. Then, diethyl phosphite (1 9.7 g, 0.50 equivalents) was added at 13 
to 19°C, and the mixture was stirred at 5°C for 1 hr. Water (45 mL) was added at 4°C, and toluene (150 mL) and 
6M-HCI (45 mL) were added. The mixture was stirred at room temperature for 30 min. The reaction mixture was par- 

55 titioned, and the organic layer was washed successively with water, 5% aqueous NaHCO a solution (50 mL), and 5% 
aqueous NaCI solution (50 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, 
and the filtrate was concentrated under reduced pressure. The residue was purified by column chromatography (silica 
gel 30 g, n-hexane/ethyl acetate= 1/0^3/1) to give the title compound (12.0 g, pale-red oil), yield 35.2%. 
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1 H-NMR (300MHz, CDCI3, TMS) 6: 7.01-7.03 (m, 4H), 7.64-7.74 (m, 4H), 8.08 (d, 1H, J = 485.8 Hz). 
31 P-NMR (121 MHz, CDCI3, 85%H3P0 4 ) 5: 19.39 (dquint, J = 485.7 Hz, 13.3 Hz). 

Reference Example 6 

4-bromo-2,6-di-tert-butylanisole 
[0105] 



15 




[01 06] Under an argon atmosphere, to a solution of 4-bromo-2,6-di-tert-butylphenol (50 g, 0.1 75 moL) and potassium 
carbonate (96.7 g, 4.0 equivalents) in acetone (750 mL) was added dimethyl sulfate (38.6 g, 1 .75 equivalents) at 22°C, 

20 and the mixture was stirred under reflux for 1 3 hrs. Insoluble materials were filtered off and the solvent was evaporated 
under reduced pressure. Ethyl acetate (150 mL) and water (100 mL) were added, the mixture was partitioned, and the 
organic layer was washed successively with water (1 00 mL), 5% aqueous NaHC0 3 solution (1 00 mL) and 5% aqueous 
NaCI solution (1 00 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the 
filtrate was concentrated under reduced pressure to give the title compound (56.1 g, brown oil), yield 95.2% 

25 1H-NMR (300MHz, CDCI3, TMS) 8: 1 .41 (s, 18H), 3.68 (s, 3H), 7.33 (s, 2H). 

Reference Example 7 

bis(3,5-di-tert-butyl-4-methoxyphenyl)phosphine oxide 

30 

[0107] 



35 




40 

[0108] Under an argon atmosphere, a solution of magnesium (4.0 g, 0.95 equivalent) and a small amount of iodine 
in THF (50 mL) was stirred at room temperature for 1 hr. 4-Bromo-2,6-di-tert-butylanisole (52 g, 0. 1 75 moL) synthesized 
in Reference Example 6 was added at 46° C to 53° C, and the mixture was stirred at 5°C for 1 hr. Then, diethyl phosphite 
(11 .4 g, 0.52 equivalents) was added at 5°C, and the mixture was stirred at 5°C for 1 hr. Water (50 mL) was added at 

45 3°c and then toluene (50 mL) and 6M-HCI (20 mL) were added. The mixture was stirred at room temperature for 30 
min. The reaction mixture was partitioned, and the organic layer was washed successively with water (20 mL), 5% 
aqueous NaHC0 3 solution (20 mL) and 5% aqueous NaCI solution (20 mL). The organic layer was dried over anhydrous 
magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced pressure. The residue was 
recrystailized from heptane to give the title compound (11 .6 g, pale-yellow white crystals), yield 20.5%. melting point: 

so 166.1°C. 

1 H-NMR (300 MHz, CDCfe, TMS) 8: 1.38 (s, 36H), 3.68 (s, 6H), 7.49 (s, 2H), 7.54 (s, 2H), 8.01 (d, 1H, J = 474.4 Hz). 
31 P-NMR (121 MHz, CDCI3, 85%H3P0 4 ) 6: 23.57 (dquint, J = 474.1 Hz, 14.0 Hz). 



Elemental Analysis for CXjoH^C^P 


Calculated; 
Found; 


C: 74.04, 
C: 74.13, 


H: 9.73, 
H: 9.93, 


P:6.36. 
P:6.20. 
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Reference Example 8 

bis(4-methylphenyl)phosphine oxide 
5 [0109] 



10 




[0110] Under an argon atmosphere, a solution of magnesium (3.55 g, 1 .0 equivalent) and a small amount of iodine 
in THF (30 mL) was stirred at room temperature for t nr. A solution of p-tolyi bromide (25 g, 0.146 moL) in THF (5 ml_) 
was added at 30°C. The mixture was stirred at 45°C for 30 min. and then at 5°C for 1 hr. Diethyl phosphite (1 0.08 g, 

15 0.5 equivalent) was added at 5°C and the mixture was stirred at 5°C for 1 hr and at room temperature (25°C) for 30 
min. Water (10 mL) was added at 3°C, and then toluene (40 mL) and 6M-HCI (20 mL) were added. The mixture was 
stirred at room temperature for 30 min. The reaction mixture was partitioned, and the organic layer was washed suc- 
cessively with water (10 mL), 5% aqueous NaHC0 3 solution (10 mL) and 5% aqueous NaCI solution (10 mL). The 
organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was concentrated under 

20 reduced pressure. The residue was recrystallized from diisopropyl ether-heptane to give the title compound (7.78 g, 
white crystals), yield 46.3%. melting point: 93.7°C. 

1 H-NMR (300 MHz, CDCI3, TMS) 5: 2.41 (s, 6H), 7.26-7.31 (m, 4H), 7.54-7.61 (m, 4H), 8.03 (d, 1H, J = 477.5 Hz). 
13 C-NMR (75 MHz, CDCI3, CDCI3) 5: 22.05, 128.22, 129.89, 130.07, 131.06, 131.22, 143.43. 
31P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 8: 22.72 (dquint, J = 477.1 Hz, 13.8 Hz). 

25 



Elemental Analysis for C u H 15 OP 


Calculated; 
Found; 


C: 73.03, 
C: 72.80, 


H: 6.57, 
H: 6.58, 


P:13.45. 
P.13.31. 



30 

Reference Example 9 

bis(2-methylphenyl)phosphine oxide 
35 [0111] 




[01 12] Under an argon atmosphere, a solution of magnesium (3.55 g, 1 .0 equivalent) and a small amount of iodine 
in THF (40 mL) was stirred at room temperature for 1 hr. A solution of o-tolyl bromide (25 g, 0.146 moL) in THF (5 mL) 
was added at 30°C. After stirring at 40°C for 30 min., the mixture was stirred at 5°C for 1 hr. Then, a solution of diethyl 

45 phosphite (10.08 g, 0.5 equivalent) in THF (10 mL) was added at 5°C, and the mixture was stirred at 5°C for 1 hr. 
Water (20 mL) was added at 3°C, and then toluene (50 mL) and 6M-HCI (20 mL) were added. The mixture was stirred 
at room temperature for 30 min. The reaction mixture was partitioned, and the organic layer was washed successively 
with water (10 mL), 5% aqueous NaHC0 3 solution (10 mL) and 5% aqueous NaCI solution (1 0 mL). Then the organic 
layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced 

50 pressure. The residue was recrystallized from heptane to give the title compound (6.70 g, white crystals), yield 39.9%. 
melting point: 91 .3°C. 

1 H-NMR (300 MHz, CDCI 3 , TMS) 8: 2.37 (s, 6H), 7.18-7.26 (m, 2H), 7.29-7.34 (m, 2H), 7.43-7.48 (m, 2H), 7.70 (d, 1 H, 
J = 15.06Hz), 7.72 (d, 1H, J = 14.82Hz), 8.21 (d, 1H, J = 476.9 Hz). 

13 C-NMR ( 75 MHz » CDCI3, CDCI3) 8: 20.59, 126.36, 126.53, 129.04, 130.36, 131.55, 131.69, 132.76, 132.93, 141.44, 
55 141.57. 

31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 8: 16.66-17.93 (m), 20.26-21.86 (m). 
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Reference Example 10 

bis(4-methoxy-3 f 5-dimethylphenyl)phosphine oxide 
5 [0113] 



10 




[0114] Under an argon atmosphere, a solution of magnesium (2.26 g, 0.95 equivalent), a small amount of iodine and 
is a small amount of 1 ,2-dibromoethane in THF (25 mL) was stirred at room temperature for 1 nr. A solution of 4-bromo- 
2,6-dimethylanisole (20 g, 0.093 moL) in THF (1 0 mL) was added at 20°C. The mixture was stirred at 40°C for 30 min., 
and stirred at 5°C for 30 min. Then, a solution of diethyl phosphite (7.53 g, 0.5 equivalent) in THF (1 0 mL) was added 
at 5°C, and the mixture was stirred at 5°C for 2 hrs. Toluene (50 mL) was added at 3°C, and then 3M-HCI (30 mL) was 
added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the organic 
20 layer was washed successively with water (10 mL), 5% aqueous NaHCO a solution (10 mL) and 5% aqueous NaCI 
solution (10 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate 
was concentrated under reduced pressure. The residue was purified by column chromatography (silica gel 20 g, tol- 
uene-methyl acetate) to give the title compound (6.91 g, colorless oil), yield 46.7%. 

1 H-NMR (300 MHz, CDCI3, TMS) 8: 2.30 (s, 12H), 3.74 (s, 6H), 7.34 (d, 4H, J = 13.74Hz), 7.91 (d, 1 H, J = 476.8 Hz). 
25 31P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 8: 22.63 (dquint, J = 477.0 Hz, 13.6 Hz). 

Reference Example 1 1 

bis(1 ,3-benzodioxol-5-yl)phosphine oxide 

30 

[0115] 



35 




[01 16] Under an argon atmosphere, a solution of magnesium (3.01 g, 1 .0 equivalent), a small amount of iodine and 
40 a small amount of 1 ,2-dibromoethane in TH F (30 mL) was stirred at room temperature for 1 hr. A solution of 5-bromo- 
1,3-benzodioxole (25 g, 0.124 moL) in THF (20 mL) was added at 35°C and the mixture was stirred at 40°C for 30 
min. and then stirred at 5°C for 30 min. Then, a solution of diethyl phosphite (1 0.07 g, 0.5 equivalent) in THF (1 0 mL) 
was added at 5°C, and the mixture was stirred at 5°C for 1 hr. Water (20 mL) was added at 3°C and then toluene (70 
mL) and 6M-HCI (20 mL) were added. The mixture was stirred at room temperature for 30 min. and THF (30 mL) was 
45 added. The reaction mixture was partitioned, and the organic layer was washed successively with water (1 0 mL), 5% 
aqueous NaHC0 3 solution (1 0 mL) and 5% aqueous NaCI solution (1 0 mL). The organic layer was dried over anhydrous 
magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced pressure. The residue was 
recrystallized from diisopropyl ether to give the title compound (7.75 g, white crystals), yield 43.1%. melting point: 
127.9°C. 

so 1H-NMR (300 MHz, CDC^, TMS) 8: 6.01 (s, 4H), 6.90 (dd, 2H, J = 7.86Hz, 2.22Hz), 7.04 (dd, 2H, J = 12.87Hz, 1 .14Hz), 
7.18-7.26 (m, 2H), 7.92 (d, 1H, J = 483.0 Hz). 

13C-NMR(75MHZ, CDCI 3 , CDC^S: 102.14, 109.31, 109.53, 110.25, 110.44, 124.35, 125.76, 126.52, 126.69, 148.60, 
148.85, 151 .80. 31 P-NMR (121 MHz, CDCIa, 85%H 3 PC>4) 8: 22.59 (dquint, J = 483.5 Hz, 13.4 Hz). 



55 


Elemental Analysis for C^^OgP 




Calculated; 


C: 57.94, 


H: 3.82, 


P:10.67. 




Found; 


C: 57.88, 


H:3.83, 


P:10.57. 
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Reference Example 12 

bis(2-naphthyl)phosphine oxide 
5 [0117] 



10 




[01 18] Under an argon atmosphere, a solution of magnesium (2.94 g, 1 .0 equivalent), a small amount of iodine and 
a small amount of 1 ,2-dibromoethane In THF (30 mL) was stirred at room temperature for 1 nr. A solution of 2-brom- 

15 onaphthalene (25 g, 0.121 moL) In THF (20 mL) was added at 35°. The mixture was stirred at 40°C for 30 min. and 
then stirred at 5°C for 30 min. Then, a solution of diethyl phosphite (9.77 g, 0.5 equivalent) in THF (1 0 mL) was added 
at 5°C, and the mixture was stirred at 5°C for 3 hrs. Water (20 mL) was added at 3°C and then toluene (60 mL) and 
6M-HCJ (20 mL) were added. The mixture was stirred at room temperature for 30 min. The reaction mixture was par- 
titioned, and the organic layer was washed successively with water (1 0 mL), 5% aqueous NaHC0 3 solution (1 0 mL) 

20 and 5% aqueous NaCI solution (10 mL). Then the organic layer was dried over anhydrous magnesium sulfate, filtered 
by gravity, and the filtrate was concentrated under reduced pressure. The residue was recrystallized from diisopropyl 
ether-heptane to give the title compound (9.62 g, white crystals), yield 53.0%. melting point: 98.3°C. 
1 H-NMR (300 MHz, CDC^, TMS) 5: 7.49-7.64 (m, 6.5H), 7.86-7.95 (m, 6H), 8.40 (d, 2H, J = 15.75Hz), 9.15 (s, 0.5H). 
13C-NMR(75MHz,CDCI 3 ,CDCI3)5: 125.07, 125.23, 127.13, 127.76, 127.93, 128.81 , 128.96, 132.43, 132.62, 132.82, 

25 132.96, 135.05. 

31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 6: 22.99 (dquint, J = 481 .0 Hz, 13.3 Hz). 

Reference Example 13 

30 bis(4-chlorophenyl)phosphine oxide 
[0119] 



35 




[0120] Under an argon atmosphere, to a solution of diethyl phosphite (5.40 g, 0.033 mmoL) in THF (30 mL) was 
40 added a 1 M solution (1 00 mL, 3.0 equivalents) of 4-chloromagnesium bromide in diethyl ether at 0°C, and the mixture 
was stirred at 5°C for 2 hrs. Water (20 mL) was added at 3°C, and then toluene (80 mL) and 6M-HCI (20 mL) were 
added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the organic 
layer was washed successively with water (10 mL), 5% aqueous NaHC0 3 solution (10 mL) and 5% aqueous NaCI 
solution (10 mL). Then the organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the 
45 filtrate was concentrated under reduced pressure. The residue was recrystallized from heptane to give the title com- 
pound (8.70 g, white crystals), yield 97.3%. melting point: 124.0°C. 

1 H-NMR (300 MHz, CDCtj, TMS) 8: 7.47-7.52 (m, 4H), 7.57-7.65 (m, 4H), 8.05 (d, 1H, J = 487.1Hz). 
13 C-NMR (75 MHz, CDCLj, CDCy 6: 129.13, 129.77, 129.95, 130.49, 132.36, 132.53, 139.95. 
31 P-NMR (121 MHz, CDCb, 85%H 3 P0 4 ) 5: 17.59-18.54 (m), 21.62-22.70 (m). 

50 
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Reference Example 14 



bis(biphenyl-4-yl)phosphine oxide 



5 [0121] 



10 



ckHoo 



[0122] Under an argon atmosphere, a solution of magnesium (2.60 g, 1 .0 equivalent), a small amount of iodine and 
/ a small amount of 1 ,2-dibromoethane in THF (20 ml_) was stirred at room temperature for 30 min. A solution of 4-bro- 
mobiphenyl (25 g, 0.107 moL) in THF (20 ml_) was added at 35°C and the mixture was stirred at 40°C for 1 hr. and 
15 then stirred at 5°C for 30 min. A solution of diethyl phosphite (7.39 g, 0.5 equivalent) in THF (10 ml_) was added at 
5°C, and the mixture was stirred at 5°C for 2 hrs. Toluene (60 mL) was added at 3°C and 3M-HCI (30 mL) was added. 
The mixture was stirred at room temperature for 30 min. THF (50 mL) was added, and the reaction mixture was par- 
titioned. The organic layer was washed with 5% aqueous NaCI solution (10 mL). The organic layer was dried over 
anhydrous magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced pressure. The res- 
20 idue was recrystallized from diisopropyl ether to give the title compound (12.47 g, white crystals), yield 65.8%. 

1 H-NMR (300 MHz, THF-d 8 , TMS) 5: 7.34-7.43 (m, 7H), 7.57-7.66 (m, 5H), 7.78-7.87 (m, 6H), 8.1 1 (d, 1 H, J = 479.3Hz). 
13 C-NMR (75 MHz, THF-d 8 , CDCI3) 8: 124.80, 125.06, 125.11, 125.29, 125.99, 126.58, 126.80, 128.95, 129.10. 
31 P-NMR (121 MHz, THF-d 8 , 85%H3P0 4 ) 5: 16.35 (dquint, J = 479.5 Hz, 13.3 Hz). 

25 Reference Example 15 

bis (p-tert-butylphenyl)phosphine oxide 



[01 24] Under a nitrogen stream, a solution of magnesium (3.62 g, 4.0 equivalents) and a small amount of iodine and 
40 1 ,2-dibromoethane in THF (24 mL) was stirred at room temperature for 30 min. A solution of p-tert-butylbromobenzene 
(31 .62 g, 3.99 equivalents) in THF (130 mL) was added at 24°C, and the mixture was stirred at 40°C for 30 min. Then, 
a solution of diethyl phosphite (5.14 g, 37.2 mmol) in THF (8 mL) was added at 21 °C, and the mixture was stirred at 
22°C for 30 min. 6M-HCI (20 mL) was added at 4°C, and then water (20 mL) and toluene (60 mL) were added. The 
mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the organic layer was 
45 washed successively with water (20 mL), 10% aqueous NaHC0 3 solution (20 mL) and 10% aqueous NaCI solution 
(20 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was con- 
centrated under reduced pressure. The residue was recrystallized from n-hexane and dried (reduced pressure, 40°C) 
to give the title compound (9.17 g, white powder), yield 78.4%. melting point: 142.5°C. 
1 H-NMR (300 MHz, CDCI3, TMS) 5: 1 .33 (s, 18H), 7.50-7.68 (m, 8H), 8.05 (d, 1H, J H . P = 477.2 Hz). 
50 13c_ nmr (75MHz, CDCI3, CDCI3) 8: 31.00, 35.00, 125.88, 127.66, 129.04, 130.47, 130.63, 155.94, 155.98. 
31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 5: 22.32 (d, quint, J^p = 478.0 Hz, J HCC _ P = 13.2 Hz). 



[0123] 



30 



35 




Elemental Analysis for C^HgyOP 



55 



Calculated; C: 76.40, H: 8.66, P: 9.85. 
Found; C: 76.44, H: 8.64, P: 9.53. 
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Reference Example 16 

bis(3,5-di-tert-butylphenyl)phosphine oxide 
5 [0125] 



10 




15 [0126] Under a nitrogen stream, a solution of magnesium (1.21 g, 3.61 equivalents) and a small amount of iodine 
and 1 ,2-dibromoethane in THF (8 ml_) was stirred at room temperature for 1 nr. A solution of 1-bromo-3,5-di-tert- 
butylbenzene (12.99 g, 3.49 equivalents) in THF (40 mL) was added at 23°C, and the mixture was stirred at 40°C for 
30 min. Then, a solution of diethyl phosphite (1 .90 g, 13.8 mmol) in THF (3 mL) was added at 24°C, and the mixture 
was stirred at 24°C for 30 min. 6M-HCI (7 mL) was added at 2°C and then water (7 mL) and toluene (20 mL) were 

20 added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the organic 
layer was washed successively with water (7 mL) , 10% aqueous NaHCO a solution (7 mL) and 10% aqueous NaCI 
solution (7 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was 
concentrated under reduced pressure. The residue was recrystailized from n-hexane and dried (reduced pressure, 
40°C) to give the title compound (3.38 g, white powder), yield 57.5%. melting point: 1 B4.6°C. 

25 1H-NMR (300 MHz, CDCI 3 , TMS) 5: 1.33 (s, 36H), 7.53 (s, 1H), 7.53 (s, 1H), 7.58 (s, 1H), 7.58 (s, 1H), 7.63 (s, 1H), 
7.63 (s, 1H) , 8.10 (d, 1H, J„_ P = 474.9 Hz). 

13 C-NMR (75 MHz, CDCI 3 , CDCI 3 ) 5: 31.23, 35.00, 124.75, 124.91, 126.49, 126.52, 129.96, 131.30, 151.30, 151.46. 
31P-NMR (121 MHz, CDCI3, 85%H3P0 4 ) 6: 24.94 (d, quint, J^p = 474.8 Hz, J HCC _ P = 14.3 Hz). 



30 


Elemental Analysis for C^H^OP 




Calculated; 


C: 78.83, 


H: 10.16, 


P: 7.26. 




Found; 


C: 78.74, 


H: 9.93, 


P: 7.16. 



35 Reference Example 17 



bis(m-tolyl)phosphine oxide 
[0127] 

40 




[0128] Under a nitrogen stream, a solution of magnesium (3.60 g, 3.50 equivalents) and a small amount of iodine 
and 1 ,2-dibromoethane in THF (25 mL)solution was stirred at room temperature for 30 min. A solution of m-bromotol- 
uene (25.36 g, 8.51 equivalents) in THF (130 mL) was added at 24°C, and the mixture was stirred at 40°C for 30 min. 

so Then, a solution of diethyl phosphite (5.84 g, 42.3 mmol) in THF (10 mL) was added at 25°C, and the mixture was 
stirred at 24°C for 1 .5 hrs. 6M-HCI (20 mL) was added at 4°C, and then water (20 mL) and toluene (60 mL) were added. 
The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the organic layer 
was washed successively with 1 0% aqueous NaHC0 3 solution (20 mL), water (20 mL) and 1 0% aqueous NaCI solution 
(20 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and further passed through 

55 a membrane filter (0.2 um) under reduced pressure. The filtrate was concentrated under reduced pressure to give the 
title compound (9.09 g, colorless oil), yield 93.3% 

1 H-NMR (300 MHz, CDCI3, TMS) 8: 2.34 (s, 6H), 7.31-7.54 (m, 8H), 7.97 (d, 1H, J^p = 479.3 Hz). 

13 C-NMR (75 MHz, CDCI 3 , CDCI3) 5: 21.25, 127.53, 127.69, 128.60, 128.78, 130.93, 131.08, 133.25, 133.29, 138.67, 
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138.84. 

31 P-NMR (121 MHz, CDCI3, 85%H3P0 4 ) 5: 23.25 (d, quint, J„_ P = 479.2 Hz, J HCC _ P = 13.8 Hz), 
mass spectrometry (FAB-HR); Calculated; 231 .0939 Found; 231 .091 8 (MH+). 

5 Reference Example 18 

bis(4-methylphenyl)phosphine-borane complex 
[0129] 



15 




H 



[0130] Under an argon atmosphere, a solution of cerium chloride (7.89 g, 3.0 equivalents) in THF (20 mL) was stirred 
at room temperature (25°C) for 30 min. Sodium borohydride (1 .25 g, 3.1 equivalents) was added, and the mixture was 

20 stirred at room temperature for 1 nr. Then bis(4-methylphenyl)phosphine oxide (2.5 g, 0.011 moL) synthesized in Ref- 
erence Example 8 and lithium aluminum hydride (0.494 g, 1 .2 equivalents) were successively added at 5°C, and the 
mixture was stirred at room temperature for 17 hrs. Water (10 mL) was added at 3°C and then toluene (20 mL) and 
6M-HCI (20 mL) were added. The mixture was stirred at room temperature for 30 min. The reaction mixture was par- 
titioned, and the aqueous layer was extracted with toluene (30 mL). The combined organic layer was washed succes- 

25 sively with 5% aqueous NaHC0 3 solution (20 mL) and 5% aqueous NaCI solution (20 mL). Then the organic layer was 
dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced pressure. 
The residue was purified by column chromatography (alumina 25 g, n-hexane/ethyl acetate=10/1). The residue was 
recrystallized from heptane to give the title compound (1 .28 g, white crystals), yield 51 .0%. melting point: 78.6°C. 
1 H-NMR (300 MHz, CDCI 3 , TMS) 5: 0.43-1 .61 (m, 3H), 2.38 (s, 6H), 6.26 (dq, 1H, J = 377.5 Hz, 6.24 Hz), 7.24-7.27 

30 ( m , 4H), 7.51 -7.58 (m, 4H). 

13 C-NMR (75 MHz, CDCI3, CDCI 3 ) 5: 21.90, 123.02, 123.81, 130.14, 130.28, 133.22, 133.35, 142.44. 
31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 5: -1.44- -0.16 (m), 1.62-3.19 (m). 



Elemental Analysis for C 14 H 18 BP 


Calculated; 
Found; 


C: 73.72, 
C: 73.65, 


H: 7.95, 
H:7.93, 


P:13.58. 
P:13.54. 



Reference Example 19 

40 

(SJ-e.e'-dibromo^^-bis^ethoxymethyloxyJ-l ,1 -binaphthyl 

[0131] To a solution of (S)-6,6'-dibromo-1 ,1 '-bi-2-naphthol (4.0 g, 9.0 mmoL) in dichloromethane (40 mL) was added 
diisopropylethylamine (3.49 g, 3.0 equivalents) at room temperature (25°C). Then, chloromethyl methyl ether (1 .59 g, 

45 2.2 equivalents) was added at 5°C, and the mixture was stirred at room temperature for 18 hrs. Water (10 mL) was 
added at 3°C, and the mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and 
the organic layer was washed with 5% aqueous NaCI solution (10 mL). The organic layer was dried over anhydrous 
magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced pressure. The residue was 
recrystallized from diisopropyl ether to gfve the title compound (4.28 g, pale-yellow white crystals), yield 89.4%, 

50 1 H-NMR (300MHz, CDCI3, TMS) 8: 3.16 (s, 6H), 5.04 (dd, 4H, J = 32.32 Hz, 6.85 Hz), 6.98 (d, 2H, J = 9.02 Hz), 7.29 
(dd, 2H, J = 9.03 Hz, 2.01 Hz), 7.60 (d, 2H, J = 9.07 Hz), 7.87 (d, 2H, J = 9.08 Hz), 8.04 (d, 2H, J = 1 .93Hz). 

Reference Example 20 

55 (SJ^^'-bisfmethoxymethyioxyJ-e.e'-diphenyl-l ,1 '-binaphthyl 

[0132] To a solution of (SJ-e.e'-dibromo^^-bisJmethoxymethyloxyJ-l.l'-binaphthyl (2.0 g, 3.76 mmoL) in dimeth- 
oxyethane (20 mL) were added dihydroxyphenylborane (1 .37 g, 3.0 equivalents), tetrakistriphenylphosphine palladium 
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(0.43 g, 0.1 equivalent) and aqueous sodium carbonate (1 .99 g, 3.0 equivalents) solution (2 mL) at room temperature 
(25°C). The mixture was stirred under reflux for 8 hrs. Water (10 mL) and ethyl acetate (20 mL) were added at 3°C, 
and the mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the organic 
layer was washed with 5% aqueous NaCI solution (10 mL). The organic layer was dried over anhydrous magnesium 
5 sulfate, filtered by gravity, and the filtrate was concentrated under reduced pressure. The residue was purified by 
column chromatography (silica gel 25 g, n-hexane/ethyl acetate=5/1 ). Effective fraction was concentrated under re- 
duced pressure to give the title compound (1 .63 g, yellow amorphous form), yield 82.2%. 

1 H-NMR (300MHz, CDCI3, TMS) 8: 3.22 (s, 6H), 5.10 (dd, 4H, J = 29.74 Hz, 6.77 Hz), 7.29-7.39 (m, 4H), 7.45-7.57 
(m, 6H), 7.63-7.73 (m, 6H), 8.05 (d, 2H, J = 9.00 Hz), 8.12 (d, 2H, J = 1.66 Hz). 

10 

Reference Example 21 

(SJ-e.e'-diphenyl^^'-bisltrifluoromethanesulfonyloxy)-! ,1 '-binaphthyl 

15 [0133] To a solution of (SJ^^'-bisfmethoxymethyloxyVe.e'-diphenyl-l ,1'-binaphthyl (1 .63 g, 3.08 mmoL) in THF (5 
mL) was added 6M aqueous HCI solution (5 mL), and the mixture was stirred under reflux for 7 hrs. 30% Aqueous 
NaOH solution and ethyl acetate (20 mL) were added at 3°C and the mixture was stirred at room temperature for 30 
min. The reaction mixture was partitioned, and the organic layer was washed with water (10 mL) and 5% aqueous 
NaCI solution (10 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the 

20 filtrate was concentrated under reduced pressure. The residue was purified by column chromatography (silica gel 25 
g, n-hexane/ethyl acetate=10/1). To a solution of the residue in acetonitrile (15 mL) was added pyridine (0.86 g t 2.7 
equivalents) at room temperature. Then, trifluoromethanesuifonic anhydride (2.84 g, 2.5 equivalents) was added at 
5°C, and the mixture was stirred at room temperature for 2 hrs. Water (1 0 mL) was added at 3°C and then ethyl acetate 
(30 mL) was added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, 

25 and the organic layer was washed with water (1 0 mL) and 5% aqueous NaCI solution (1 0 mL). The organic layer was 
dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced pressure. 
The residue was purified by column chromatography (silica gel 25 g, n-hexane/ethyl acetate=10/1). Effective fraction 
was concentrated under reduced pressure to give the title compound (0.74 g, colorless amorphous form), yield 
34.0.% 1 H-NMR (300MHz, CDCI 3 , TMS) 5: 7.36-7.43 (m, 4H), 7.47-7.52 (m, 4H), 7.65-7.73 (m, 8H), 8.20-8.22 (m, 4H). 

30 13C-NMR (75 MHz, CDCI^ CDCyS: 119.75, 125.97, 127.30, 127.39, 127.71 , 127.93, 128.97, 132.16, 132.24, 132.69, 
139.92,140.03, 145.30. 



Elemental Analysis for C^H^FeOeS 


Calculated; 
Found; 


C: 58.12, 
C: 57.86, 


H: 2.87. 
H:3.01. 



Reference Example 22 

40 7,7 , -dimethoxy-1 ,1 '-bi-2-naphthol 

[0134] To a solution of 7-methoxy-2-naphthol (5.0 g, 28.7 mmoL) in dichloromethane (50 mL) was added a Cu(OH) 
Cl-tetramethylethylenediamine complex (1.33 g, 0.1 equivalent) at room temperature (25°C), and the mixture was 
stirred at room temperature for 8 hrs. Water (20 mL) was added at 3°C, and the mixture was stirred at room temperature 

45 for 30 min. The reaction mixture was partitioned, and the organic layer was washed with 5% aqueous NaCI solution 
(10 mL). Then the organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was 
concentrated under reduced pressure. Ethyl acetate (50 mL) and silica gel (10 g) were added to the residue, and the 
mixture was stirred at room temperature for 1 hr. The filtrate was concentrated under reduced pressure to give the title 
compound (5.10 g, yellow-brown amorphous form), yield 100%. 

so 1 H-NMR (300MHz, CDCI 3 , TMS) 5: 3.58 (s, 6H), 5.07 (s, 2H), 6.49 (d, 2H, J = 2.43 Hz), 7.03 (dd, 2H, J = 8.89 Hz, 2.49 
Hz), 

7.22 (d, 2H, J = 8.84 Hz), 7.78 (d, 2H, J = 8.90 Hz), 7.88 (d, 2H, J = 8.85 Hz). 

13 C-NMR (75 MHz, CDOj, CDCI3) 5: 55.54, 103.58, 110.47, 115.50, 116.43, 125.20, 130.39, 131.51, 135.11, 153.74, 
159.52. 

55 
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Reference Example 23 

7,7 , -dimethoxy-2,2 i -bis(trif luoromethanesulfonyloxy)-1 ,1 '-binaphthyl 

5 [0135] To a solution of 7,7'-dimethoxy-1,1 , -bi-2-naphthol (5.10 g, 14.3 mmoL) in acetonitrile (50 mL) was added 
pyridine (3.05 g, 2.7 equivalents) at room temperature (25°C). Then trrfluoromethanesulfonic anhydride (10.12 g, 2.5 
equivalents) was added at 5°C, and the mixture was stirred at room temperature for 5 hrs. Water (30 mL) was added 
at 3°C, and ethyl acetate (50 mL) was added. The mixture was stirred at room temperature for 30 min. The reaction 
mixture was partitioned, and the organic layer was washed with water (1 0 mL) and 5% aqueous NaCI solution (1 0 mL). 

10 Then the organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was concen- 
trated under reduced pressure. Ethyl acetate (30 mL) and activated carbon (1 .0 g) were added to the residue and the 
mixture was stirred at room temperature for 1 hr. The filtrate was concentrated under reduced pressure and the residue 
was recrystallized from diisopropyl ether to give the title compound (5.80 g, red-brown white crystals), yield 66.5%. 
1 H-NMR (300MHz, CDCI3, TMS) 5: 3.55 (s, 6H) , 6.56 (s, 2H) , 7.26 (dd, 2H, J = 8.99 Hz, 2.51 Hz), 7.48 (d, 2H, J = 

15 8.95 Hz), 7.92 (d, 2H, J = 8.98 Hz), 8.06 (d, 2H, J = 8.95 Hz). 

13C-NMR (75 MHz, CDCI 3 , CDCI3) 8: 55.61, 105.41, 117.11 , 120.49, 122.63, 128.27, 130.26, 131.86, 134.98, 146.39, 
159.57. 



Elemental Analysis for C 24 H 16 F 6 0 8 S2 


Calculated; 
Found; 


C: 47.22, 
C: 46.93, 


H: 2.64. 
H: 2.55. 



Example 1 

25 

bis(3 ,5-dimethylphenyl)phosph in e-borane complex 
[0136] 

30 




(Production Method 1) , 

[01 37] Under an argon atmosphere, a solution of cerium chloride (1 4.3 g, 3.0 equivalents) in THF (40 mL) was stirred 
40 at room temperature (25° C) for 30 min. Sodium boro hydride (2.1 9 g, 3.0 equivalents) was added, and the mixture was 
stirred at room temperature for 1 hr. Bis(3,5-dimethylphenyl)phosphine oxide (5.0 g, 19.3 mmoL) synthesized in Ref- 
erence Example 2 and lithium aluminum hydride (0.88 g, 1 .2 equivalents) were successively added at 5°C and the 
mixture was stirred at room temperature for 3 hrs. Water (40 mL) was added at 3°C, and then toluene (40 mL) and 
6M-HCI (20 mL) were added. The mixture was stirred at room temperature for 30 min. The reaction mixture was par- 
45 titioned, and the organic layer was dried over anhydrous magnesium sulfate, filtered by gravity. The filtrate was con- 
centrated under reduced pressure and the residue was recrystallized from diisopropyl ether to give the title compound 
(2.8 g, white crystals), yield 57.4%. 

(Production Method 2) 

50 

[0138] Under a nitrogen stream, a solution of cerium chloride (2.87 g, 2.99 equivalents) in THF (20 mL) was stirred 
at room temperature (25°C) for 40 min. Sodium borohydride (0.44 g, 2.99 equivalents) was added, and the mixture 
was stirred at room temperature for 1 hr. Bis(3,5-dimethylphenyl)phosphine oxide (1 .00 g, 3.89 mmol) synthesized in 
Reference Example 2 and lithium aluminum hydride (0.1 7 g, 1 .1 6 equivalents) were successively added at -1 2°C. The 
55 mixture was stirred for 4 hrs. Water (1 0 mL) and then toluene (20 mL) were added at -1 0°C, and 6M-HCI (3 mL) was 
added at -5°C. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the 
organic layer was concentrated under reduced pressure. The concentrate was purified by silica gel column chroma- 
tography (1 0 g, toluene) and an effective fraction was concentrated under reduced pressure. The residue was recrys- 
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tallized from heptane to give the title compound (0.70 g, white powder), yield 70.6%. melting point: 106.5°C. 
1 H-NMR (300 MHz, CDCI 3 , TMS) 5: 0.30-1 .80 (m, 3H), 2.35 (s, 12H), 6.20 (dq, 1 H, J^p = 377.4 Hz, J = 6.9 Hz), 7.14 
(s, 2H), 726 (s f 2H), 7.30 (s, 2H). 

31 P-NMR (121 MHz, CDCIa, 85%H 3 P0 4 ) 6: 0.88-1 .32 (m), 3.32-5.02 (m). 
Example 2 

(S)-2,2'-bis[bis(3,5-dimethylphenyl)phosphino]-1 , 1 '-binaphthyl 
[0139] 




[0140] Under an argon atmosphere, to a solution (5 mL) of [1 ,2-bis(diphenylphosphino)-ethane]dichloronickel (42 
mg, 0.1 equivalent), (S)-2,2'-bis(trifluoromethanesulfonyloxy)-1 ,1'-binaphthyl (399 mg, 0.73 mmoL) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (489 mg, 6.0 equivalents) in DMF was added at room temperature 
a bis(3,5-dimethylphenyl)phosphine-borane complex (428 mg, 2.3 equivalents) synthesized in Example 1 . The mixture 
was stirred at room temperature for 30 min. and then at 1 1 0°C for 96 hrs. DM F was evaporated under reduced pressure 
and methanol was added to the residue to give the title compound (329 mg, pale-yellow white crystals), yield 62%. 
1 H-NMR (300 MHz, CDCI 3 , TMS) 5: 2.06 (s, 12H), 2.13 (s, 12H) , 6.70-6.73 (m, 10H), 6.81 (s, 2H), 6.90 (d, 2H, J = 
8.46 Hz), 7.01 (dd, 2H, J = 7.14Hz, 7.14Hz), 7.39 (dd, 2H, J = 6.99Hz, 6.99Hz), 7.52 (dd, 2H, J = 8.49Hz, 2.28Hz), 
7.84-7.88 (m, 4H). 31 P-NMR (121 MHz, CDCI3, 85%H 3 P04) 5: -14.25 (s). 

(ref.: 31P-NMR (161 MHz, CDCI^ B5%H 3 P04) 5: -14.9. Journal of Organic Chemistry, vol. 59, p. 3064 (1994) 



Elemental Analysis for O^J^as^ 


Calculated; 
Found; 


C: 84.99, 
C: 84.60, 


H: 6.58, 
H: 6.58, 


P:8.43. 
P:8.07. 



Example 3 

bis(4-methoxyphenyl)phosphine-borane complex 
[0141] 




[0142] Under an argon atmosphere, a solution of cerium chloride (7.03 g, 3.0 equivalents) in THF (20 mL) was stirred 
at room temperature (25°C) for 30 min. Sodium borohydride (1 .08 g, 3.1 equivalents) was added, and the mixture was 
stirred at room temperature for 1 hr. Then bis(4-methoxyphenyl)phosphine oxide (2.5 g, 9.1 mmoL) synthesized in 
Reference Example 3 and lithium aluminum hydride (0.43 g, 1 .2 equivalents) were successively added at 5°C and the 
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mixture was stirred at room temperature for 3 hrs. Water (20 mL) was added at 3°C, and then toluene (50 mL) and 
6M-HCI (10 mL) were added. The mixture was stirred at room temperature for 30 min. The reaction mixture was par- 
titioned, and the aqueous layer was extracted 3 times with toluene (20 mL). The combined organic layer was washed 
successively with 5% aqueous NaHCO a solution (20 mL) and 5% aqueous NaCI solution (20 mL). Then the organic 
5 layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced 
pressure. The residue was purified by column chromatography (silica gel 30 g, n-hexane/ethyl acetate=5/1->2/1). The 
residue was recrystallized from heptane to give the title compound (0.98 g, white crystals), yield 41 .3%. melting point: 
65.8°C. 

1 H-NMR (300 MHz, CDCIg, TMS) 5: 0.43-1 .57 (m, 3H), 3.82 (s, 6H), 6.24 (dq p 1 H, J = 377.9Hz, 6.78Hz), 6.95 (dd, 4H, 
10 J = 8.71 Hz, 1 . 72 Hz), 7.53-7.60 (m, 4H). 

31P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 5: -4.53- -2.73 (m), -1 56-0.40 (m) , -4.15 (m). 

Example 4 

15 (S)-2,2'-bis[bis(4-methoxyphenyl)phosphino]-1 ,1 '-binaphthyl 
[0143] 



20 

OMe 




OMe 



[0144] Under an argon atmosphere, to a solution (5 mL) of [1,2-bis(diphenylphosphino)-ethane]dichloronickel (53 
35 mg, 0.1 equivalent), (S)-2,2'-bis(trifluoromethanesulfonyloxy)-1 ,1-binaphthyl (500 mg, 0.91 mmoL) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (613 mg, 6.0 equivalents) in DMF was added at room temperature 
bis(4-methoxyphenyl)phosphine-borane complex (543 mg, 2.3 equivalents) synthesized in Example 3 and the mixture 
was stirred at room temperature for 30 min. and then at 1 10°C for 48 hrs. DMF was evaporated under reduced pressure 
and methanol was added to the residue to give the title compound (444 mg, white crystals), yield 66%. 
40 1 H-NMR (300 MHz, CDCI 3 , TMS) 5: 3.73 (s, 12H), 6.64 (d, 4H, J = 8.35 Hz), 6.69 (d, 4H, J = 8.19 Hz), 6.80 (d, 2H, J 
= 8.49Hz), 6.92-7.03 (m, 10H), 7.30-7.38 (m, 2H), 7.40-7.45 (m, 2H), 7.82 (d, 2H, J = 8.13 Hz), 7.87 (d, 2H, J = 8.52 Hz). 
31 P-NMR (121MHz, CDCI3, 85%H 3 P04) 8: -17.40 (s). 

(ref.: 31 P-NMR (161 MHz, CDOj, QS%H 3 POJ 8: -16.8. Journal of Organic Chemistry, vol. 59, p. 3064 (1994) 
45 Example 5 

bis(4-dimethylaminophenyl)phosphine-borane complex 
[0145] 



55 




[01 46] Under an argon atmosphere, a solution of cerium chloride (7.69 g, 3.0 equivalents) in THF (25 mL) was stirred 
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at room temperature (25°C) for 30 min. Sodium borohydride (1 .22 g, 3.1 equivalents) was added, and the mixture was 
stirred at room temperature for 1 hr. Then bis(4-dimethylaminophenyl)phosphine oxide (3.0 g, 1 0.4 mmoL) synthesized 
in Reference Example 4 and lithium aluminum hydride (0.47 g, 1.2 equivalents) were successively added at 5°C, and 
the mixture was stirred at room temperature for 3 hrs. Water (20 ml_) was added at 3°C and then toluene (40 mL) and 
6M-HCI (1 0 mL) were added. The mixture was stirred at room temperature for 30 min. The reaction mixture was neu- 
tralized with NaOH and partitioned. The aqueous layer was extracted with THF (50 mL). The combined organic layer 
was washed successively with 5% aqueous NaCI solution (20 mL). The organic layer was dried over anhydrous mag- 
nesium sulfate, filtered by gravity, and the filtrate was concentrated under reduced pressure. The residue was purified 
by column chromatography (silica gel 5 g, n-hexane/ethyl acetate=1/1). The residue was recrystallized from heptane 
to give the title compound (0.61 g, white crystals), yield 20.5%. melting point: 142.6°C. 

1 H-NMR (300 MHz, CDCI 3 , TMS) 5: 0.43-1.33 (m; 3H), 3.03 (s, 12H), 6.26 (dq, 1H, J = 375.1 Hz, 6.57 Hz), 7.51 (d, 
4H, J = 8.81 Hz), 7.54 (d, 4H, J = 8.81 Hz). 

31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 6: -6.40 - -4.73 (m), -3.33 - - 1 .66 (m). 
Example 6 

(S)-2^'-bis[bis(4-dimethylaminophenyl)phosphino]-1 ,1 '-binaphthyl 
[0147] 




[0148] Under an argon atmosphere, to a solution (5 mL) of [1,2-bis(diphenylphosphino)-ethane]dichloronickel (48 
mg, 0.1 equivalent) , (S^^'-bisttrifluoromethanesulfonyloxy)-! ,1 '-binaphthyl (507 mg, 0.92 mmoL) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (620 mg, 6.0 equivalents) in DMF was added at room temperature 
bis(4-dimethylaminophenyl)phosphine-borane complex (606 mg, 2.3 equivalents) synthesized in Example 5, and the 
mixture was stirred at room temperature for 30 min. and then at 1 1 0°C for 1 29 hrs. DMF was evaporated under reduced 
pressure and methanol was added to the residue to give the title compound (461 mg, yellow-white crystals), yield 62.9%. 
1 H-NMR (300 MHz, CDCI3, TMS) 8: 2.88 (s, 24H), 6.43 (d, 4H, J = 6.79 Hz), 6.50-6.59 (m, 4H), 6.77-7.03 (m, 12H), 
7.18-7.26 (m, 2H), 7.51 (d, 2H, J = 7.13 Hz), 7.78 (d, 2H, J = 7.56 Hz), 7.83 (d, 2H, J = 8.28 Hz). 
31 P-NMR (121 MHz, CDCI3, 85%H3P0 4 ) 5: -18.00 (s). 

Example 7 

bis(4-fluorophenyl)phosphine-borane complex 
[0149] 
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[01 50] Under an argon. atmosphere, a solution of cerium chloride (9.31 g, 3.0 equivalents) in THF (25 mL) was stirred 
at room temperature (25°C) for 30 min. Sodium borohydride (1 .48 g, 3.1 equivalents) was added, and the mixture was 
stirred at room temperature for 1 hr. Then bis(4-fluorophenyl)phosphine oxide (3.0 g, 12.6 mmoL) synthesized in Ref- 
erence Example 5 and lithium aluminum hydride (0.57 g, 1 .2 equivalents) were successively added at 5°C and the 

5 mixture was stirred at room temperature for 3 hrs. Water (10 mL) was added at 3°C and then toluene (30 mL) and 
6M-HCI (20 mL) were added and the mixture was stirred at room temperature for 30 min. The reaction mixture was 
partitioned, and the aqueous layer was extracted with toluene (20 mL). The combined organic layer was washed with 
5% aqueous NaCI solution (20 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, 
and the filtrate was concentrated under reduced pressure. The residue was purified by column chromatography (alu- 

10 mina 25 g, n-hexane/ethyl acetate=20/1 ). The residue was recrystallized from heptane to give the title compound (0.61 
g, white crystals), yield 20.4%. melting point: 71.7°C. 

1 H-NMR (300 MHz, CDCIg, TMS) 6: 0.42=1.36 (m, 3H), 6.32 (dq, 1H, J = 380.4 Hz, 6.89 Hz), 7.14-7.20 (m, 4H), 
7.62-7.70 (m t 4H). 31 P-NMR (121 MHz, CDCI3, 85%H 3 P04) 8: -3.29- -1 .21 (m) , -0.29-1 .91 (m). 

15 Example 8 

(S)-2,2-bis[bis(4-fluoropheny1)phosphinol-1 ,1 '-binaphthyt 
[0151J 

20 



25 



30 



35 [0152] Under an argon atmosphere, to a solution (5 mL) of [1,2-bis(diphenytphosphino)ethane]dichloronickel (48 
mg, 0.1 equivalent), (S)-2,2'-bis(trifluoromethanesulfonyloxy)-1 ,1'-binaphthyl (507 mg, 0.92 mmoL) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (620 mg, 6.0 equivalents) in DMF was added at room temperature 
bis(4-fluorophenyl)phosphine-borane complex (500 mg, 2.3 equivalents) synthesized in Example 7, and the mixture 
was stirred at room temperature for 30 min, then at 110°C for 129 hrs. DMF was evaporated under reduced pressure 

40 and methanol was added to the residue to give the title compound (344 mg, yellow white crystals), yield 53.8%. 

1 H-NMR (300 MHz, CDCI3, TMS) 8: 6.74-7.07 (m, 16H), 7.34-7.41 (m, 4H), 7.41-7.93 (m, 4H) , 7.85 (d, 2H, J = 8.20 

Hz), 7.91 (d, 2H, J = 8.47 Hz). 

31 P . NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 8: -16.63 (s). 

(ret: 31 P-NMR (161 MHz, CDCI3, B5%H 3 POJ 8: -17.0. Journal of Organic Chemistry, vol. 59, p. 3064 (1994) 

45 

Example 9 

bis(3,5-di-tert-butyl-4-methoxyphenyI)phosphine-borane complex 
so [0153] 
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[01 54] Under an argon atmosphere, a solution of cerium chloride (4.55 g, 3.0 equivalents) in THF (25 mL) was stirred 
at room temperature (25°C) for 30 min. Sodium boro hydride (0.72 g, 3.1 equivalents) was added, and the mixture was 
stirred at room temperature for 1 nr. Then bis(3,5-di-tert-butyl-4-methoxyphenyl)phosphine oxide (3.0 g, 6.16 mmoL) 
synthesized in Reference Example 7 and lithium aluminum hydride (0.28 g, 1 2. equivalents) were successively added 

5 at 5°C, and the mixture was stirred at room temperature for 1 8 hrs. Water (1 0 mL) was added at 3°C, and toluene (30 
mL) and 6M-HCI (20 mL) were added. The mixture was stirred at room temperature for 30 min. The reaction mixture 
was partitioned and the aqueous layer was extracted with toluene (30 mL). The combined organic layer was washed 
successively with 5% aqueous NaCI solution (20 mL). The organic layer was dried over anhydrous magnesium sulfate, 
filtered by gravity, and the filtrate was concentrated under reduced pressure. The residue was purified by column 

10 chromatography (alumina 25 g, n-hexane). The residue was recrystallized from heptane to give the title compound 
(1.18 g, white crystals), yield 39.6%. melting point: 134.7°C. 1 H-NMR (300 MHz, CDCI3, TMS) 8: 0.37-1.08 (m. 3H), 
1 .39 (s, 36H), 3.69 (s, 6H) , 6.23 (dq, 1 H, J = 376.2 Hz, 6.78 Hz), 7.50 (d, 4H, J = 12.18 Hz). 

31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 6: -3.33- -1 .46 (m), -0.13-1 .80 (m). 

15 

Example 10 

(S)-2,2*-bis [bis (3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-1 ,V-binaphthyl 
20 [0155] 



25 



30 



35 




40 

[0156] Under an argon atmosphere, to a solution (5 mL) of [1 ,2-bis(diphenylphosphino)-ethane]dichloronickel (48 
mg.0.1 equivalent) , (S^^'-bisttrifluoromethanesulfonyloxyJ-I.V-binaphthyJ (507 mg, 0.91 mmoL) synthesized in Ref- 
erence Example 1 and 1,4-diazabicyclo[2,2,2]octane (620 mg, 6.0 equivalents) in DMF was added a bis(3,5-di-tert- 
butyl-4-methoxyphenyl)phosphine-borane complex (1 .03 g, 2.3 equivalents) synthesized in Example 9 at room tem- 

45 perature and the mixture was stirred at room temperature for 30 min. then at 1 1 0°C for 1 53 hrs. DM F was evaporated 
under reduced pressure and methanol was added to the residue to give the title compound (737 mg, yellow white 
crystals), yield 69%. melting point: 129.5°C. angle of rotation: [a] D = -232° (25°C, c = 1 .0, CHCI3) 
1 H-NMR (300 MHz, CDCI3, TMS) 6: 1 .21 (s, 36H), 1 .24 (s, 36H), 3.58 (s, 6H), 3.64 (s, 6H), 6.64 (d, 2H, J = 7.60 Hz), 
6.77 (d, 2H, J = 7. 10 Hz), 6.92-7.00 (m, 4H), 7.13-7.20 (m, 4H), 7.30-7.37 (m, 2H), 7.42-7.51 (m, 2H), 7.77 (d, 2H, J 

50 = 6.91 Hz), 7.86 (d, 2H, J = 8.02 Hz). 

13 C-NMR (75 MHz, CDCI3, CDCI 3 5: 33.34, 33.49, 36.96, 37.19, 65.44, 65.53, 126.64, 127.23, 128.76, 128.80, 128.92, 

131.84, 132.95, 134.51, 144.02, 160.37, 161.31. 

31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 5: -15.02 (s). 

mass spectrometry (ESI-HR); Calculated; 1189.7332 Found; 1189.7350 (M-H) 

55 
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Example 11 

(S)-2 f 2'-bis[bis(4-methylphenyl)phosphino]-1 ,1 '-binaphthyl 
5 [0157] 



10 



15 




20 

[0158] Under an argon atmosphere, to a solution (5 mL) of [1,2-bis(diphenylphosphino)-ethane]dichloronickel (48 
mg, 0.1 equivalent) and (S)-2,2'-bis(m'fluoromethanesulfonyloxy)-1 ,1-binaphthyl (500 mg, 0.91 mmoL) synthesized in 
Reference Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (610 mg, 6.0 equivalents) in DMF was added bis(4-methyl- 
phenyl)phosphine-borane complex (0.476 g, 2.3 equivalents) synthesized in Reference Example 18 at room temper- 
as ature and the mixture was stirred at room temperature for 30 min. and then at 1 1 0°C for 73 hrs. DMF was evaporated 
under reduced pressure and methanol was added to the residue to give the title compound (488 mg, white crystals), 
yield 79.2%. 

1 H-NMR (300 MHz, CDCI 3 , TMS) 5: 2.27 (s, 6H), 2.29 (s, 6H), 6.86-7.03 (m, 20H), 7.38-7.41 (m, 2H), 7.47-7.50 (m, 
2H), 7.85 (d, 2H, J = 8.16 Hz) , 7.89 (d, 2H, J = 8.48 Hz). 31 P-NMR (121 MHz, CDCI3, 85%H 3 P04) 5: -15.73 (s). 

30 



Elemental Analysis for 04^4^2 


Calculated; 
Found; 


C: 84.93, 
C: 84.52, 


H: 5.94, 
H: 5.90, 


P:9.13. 
P:9.09, 



35 

Example 12 

bis(2-methylphenyl)phosphine-borane complex 
40 [0159] 



BH3 

qi-p 

[01 60] Under an argon atmosphere, a solution of cerium chloride (8.66 g, 3.0 equivalents) in THF (80 mL) was stirred 
50 at room temperature (25°C) for 30 min. Sodium borohydride (1 .37 g, 3. 1 equivalents) was added, and the mixture was 
stirred at room temperature for 1 hr. Then bis(2-methylphenyl)phosphine oxide (2.7 g, 11 .72 mmoL) synthesized in 
Reference Example 9 and lithium aluminum hydride (0.53 g, 1 .2 equivalents) were successively added at 5°C, and 
the mixture was stirred at room temperature for 4 hrs. Toluene (80 mL) was added at 3°C, and then 3M-HC1 (30 mL) 
was added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the 
55 aqueous layer was extracted with toluene (20 mL). The combined organic layer was washed with 5% aqueous NaCI 
solution (20 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate 
was concentrated under reduced pressure. Toluene (20 mL) and silica gel (10 g) were added to the residue and the 
mixture was stirred at room temperature for 1 0 min. The mixture was filtered by gravity, and the filtrate was concentrated 
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under reduced pressure. THF (5 mL) and BH 3 THF (5 mL) were added to the residue at 5°C, and the mixture was 
stirred at room temperature for 1 hr. The mixture was concentrated under reduced pressure and the residue was 
recrystallized from heptane to give the title compound (1.15 g, white crystals), yield 43.0%. melting point: 78.0°C. 
1 H-NMR (300 MHz, CDClj, TMS) 5: 0.42-1.63 (m, 3H), 2.32 (s, 6H), 6.47 (dq f 1H, J = 377.5 Hz, 6.63 Hz), 7.21-7.31 
5 (m, 4H), 7.38-7.43 (m, 2H), 7.59 (d, 1H, J = 13.56Hz), 7.61 (d, 1H, J = 13.53Hz). 

13C-NMR (75 MHz, CDCI3, CDCI3) 6: 20.81, 20.88, 126.36, 126.52, 130.85, 130.95, 131.67, 131.70, 133.82, 134.01, 
141.42. 

31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 8: -15.58- -14.22 (m), -12.67- -11.33 (m). 
10 Example 13 

(S)-2,2 , -bis[bis(2-methylphenyl)phosphino]-1 ,1 -binaphthyl 
[0161] 



20 



25 




[0162] Under an argon atmosphere, to a solution (5 mL) of [1,2-bis(diphenylphosphino)-ethane]dichloronickel (96 
30 mg, 0.1 equivalent), (S^^'-bisftrifluoromethanesuifonyloxy^l,! '-binaphthyl (1.0 g, 1.81 mmoL) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (1 .22 g, 6.0 equivalents) in DMF was added at room temperature 
bis(2-methylphenyl)phosphine-borane complex (0.95 g, 2.3 equivalents) synthesized in Example 12 and the mixture 
was stirred at room temperature for 30 min. and then at 1 1 0°C for 96 hrs. DMF was evaporated under reduced pressure 
and methanol was added to the residue to give the title compound (684 mg, white crystals), yield 55.5%. 
35 1H-NMR (300 MHz, CDCLj, TMS) 8: 2.01 (s, 6H), 2.03 (s, 6H), 6.91-7.31 (m, 24H), 7.68-7.89 (m, 4H). 
31 P-NMR (121 MHz, CDCIa, 85%H 3 P04) 8: -28.67 (s). 

Example 14 

40 bis(4-methoxy-3,5-dimethylphenyl)phosphine-borane complex 
[0163] 



50 




[0164] Under an argon atmosphere, a solution of cerium chloride (10.54 g, 3.0 equivalents) in THF (80 mL) was 
stirred at room temperature (25°C) for 30 min. Sodium borohydride (1 .67 g, 3.1 equivalents) was added, and the mixture 
was stirred at room temperature for 1 hr. Bis(4-methoxy-3,5-dimethylphenyl)phosphine oxide (4.54 g, 0.01 4 moL) syn- 
55 thesized in Reference Example 10 and lithium aluminum hydride (0.65 g, 1.2 equivalents) were successively added 
at 5°C. The mixture was stirred at room temperature for 4 hrs. Toluene (100 mL) was added at 3°C and then 3M-HCI 
(40 mL) was added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, 
and the aqueous layer was extracted with toluene (20 mL). The combined organic layer was washed with 5% aqueous 
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NaCI solution (20 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the 
filtrate was concentrated under reduced pressure. Toluene (20 mL) and silica gel (10 g) were added to the residue and 
the mixture was stirred at room temperature for 1 0 min. The mixture was filtered by gravity, and the filtrate was con- 
centrated under reduced pressure. The residue was recrystallized from heptane to give the title compound (3.14 g, 
5 white crystals), yield 69.6%. melting point: 81.6°C. 1 H-NMR (300 MHz, CDCI3, TMS) 6: 0.37-1.56 (m, 3H), 2.27 (s, 
12H), 3.72 (s, 6H), 6.13 (dq, 1H, J = 377.5 Hz, 6.84 Hz), 7.27 (d, 4H, J = 15.30Hz). 

13 C-NMR (75 MHz, CDCI3, CDCI3) 6: 16.07, 59.59, 120.59, 121.37, 131.97, 132.12, 133.32, 133.45, 159.87. 
31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 6: -1.57- -0.32 (m), 1.38-2.83 (m). 

10 Example 15 

(S)-2,2'-bis [bis (4-methoxy-3,5-dimethylphenyl)phosphino]-1 ,1'-binaphthyl 
[0165] 



15 



OMe 



25 




OMe 



30 [0166] Under an argon atmosphere, to a solution (5 mL) of [1 ,2-bis(diphenylphosphino)-ethane]dichloronickel (96 
mg, 0.1 equivalent), (S^^'-bisttrifluoromethanesulfonyloxyJ-I.V-binaphthyl (1.0 g, 1.81 mmoL) synthesized in Ref- 
erence Example 1 and 1 ^-diazabicyclop^^octane (1 .22 g, 6.0 equivalents) in DMF was added at room temperature 
a bis(4-methoxy-3,5-dimethylphenyl)phosphine-borane complex (1 .32 g, 2.3 equivalents) synthesized in Example 14, 
and the mixture was stirred at room temperature for 30 min. and then at 1 1 0°C for 96 hrs. DMF was evaporated under 

35 reduced pressure and methanol was added to the residue to give the title compound (513 mg, white crystals), yield 
33.1%. 

1 H-NMR (300 MHz, CDCI 3 , TMS) 5: 2.07 (s, 24H), 3.64 (s, 6H), 3.66 (s, 6H), 6.70-6.96 (m, 12H), 7.30-7.40 (m, 2H), 

7.51-7.53 (m, 2H), 7.79-7.92 (m, 4H). 

31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 5: -14.47 (s). 

40 

Example 16 

bis(1 ,3-benzodioxol-5-yl)phosphine-borane complex 
45 [0167] 



50 




[01 68] Under an argon atmosphere, a solution of cerium chloride (8.66 g, 3.0 equivalents) in THF (80 mL) was stirred 
55 at room temperature (25°C) for 30 min. Sodium borohydride (1 .37 g, 3.1 equivalents) was added, and the mixture was 
stirred at room temperature for 1 hr. Then bis(1,3-benzodioxol-5-yl)phosphine oxide (3.4 g, 0.012 moL) synthesized 
in Reference Example 1 1 and lithium aluminum hydride (0.53 g, 1 .2 equivalents) were successively added at 5°C and 
the mixture was stirred at room temperature for 4 hrs. Toluene (80 mL) was added at 3°C and then 3M-HCI (30 mL) 



43 



EP1452 537 A1 



was added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the 
aqueous layer was extracted with toluene (20 mL). The combined organic layer was washed with 5% aqueous NaCi 
solution (20 mL) and the organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate 
was concentrated under reduced pressure. The residue was purified by column chromatography (silica gel 25 g, tol- 
s uene). The residue was recrystallized from heptane to give the title compound (2.33 g; white crystals), yield 69.1%. 
melting point: 88.8° C. 

1 H-NMR (300 MHz, CDCI3, TMS) 5: 0.42-1 .61 (m, 3H), 5.58 (q, 0.5H, J = 6.78 Hz), 6.01 (s, 4H), 6.84-6.90 (m, 2.5H), 
7.04 (dd, 2H, J = 10.79Hz, 1.44Hz), 7.18 (dd, 1H, J = 12.37Hz, 1.45Hz), 7.21 (dd, 1 H, J = 12.37Hz, 1.46Hz). 
13C-NMR(75MHz,CDCI 3 ,CDCI 3 )8: 102.10, 109.53, 109.70, 112.43, 112.59, 118.95, 119.75, 128.37, 128.51 , 148.70, 
10 148.90, 151.15. 31 P-NMR (121 MHz, CDClj, 85%H 3 P04) 8: 1.42-2.83 (m), 4.55-6.00 (m). 





Elemental Analysis for C 14 H 14 B0 4 P 




Calculated; 


C: 58.38, 


H: 4.90, 


P:10.75. 


15 


Found; 


C: 58.36, 


H: 4.92, 


P:10.67. 



Example 17 



(S)-2,2'-bis[bis(1 ,3-benzodioxol-5-yl)phosphinol-1 ,1 '-binaphthyl 

20 

[0169] 



25 



30 



35 




[0170] Under an argon atmosphere, to a solution (5 mL) of [1,2-bis(diphenylphosphino)-ethane]dichloronickel (86 
mg, 0.1 equivalent), (S^^'-bisttrifluoromethanesutfonyloxy^l.V-binaphthyl (0.9 g, 0.91 mmoL) synthesized in Ref- 

40 erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (1 .1 g, 6.0 equivalents) in DMF was added at room temperature 
bis(1 ,3-benzodioxol-5-yl)phosphine-borane complex (1 .08 g, 2.3 equivalents) synthesized in Example 1 6, and the mix- 
ture was stirred at room temperature for 30 min. and then at 110°C for 96 hrs. DMF was evaporated under reduced 
pressure and methanol was added to the residue to give the title compound (310 mg, green white crystals), yield 23.8%. 
31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 8: -12.46 (s). 

45 (ref.: 31P-NMR (162 MHz, CDCI 3 ) 8: -12.1. JP-A-H9-1 24669) 

Example 18 

bis(2-naphthyl)phosphine-borane complex 

50 

[0171] 



55 
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[0172] Under an argon atmosphere, a solution of cerium chloride (8.66 g, 3.0 equivalents) in THF (80 ml_) was stirred 
at room temperature (25°C) for 30 min. Sodium borohydride (1 .37 g, 3.1 equivalents) was added, and the mixture was 
stirred at room temperature for 1 hr. Then bis(2-naphthyl)phosphine oxide (3.54 g, 0.01 2 moL) synthesized in Reference 
Example 12 and lithium aluminum hydride (0.53 g, 1 .2 equivalents) were successively added at 5°C and the mixture 

5 was stirred at room temperature for 3 hrs. Toluene (80 mL) was added at 0°C and then 3M-HCI (30 mL) was added. 
The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the aqueous layer 
was extracted with toluene (40 mL). The combined organic layer was washed with 5% aqueous NaCI solution (20 mL). 
The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was concentrated 
under reduced pressure. Toluene (30 mL) and silica gel (10 g) were added to the residue and the mixture was stirred 

10 at room temperature for 10 min. The mixture was tittered by gravity, and the filtrate was concentrated under reduced 
pressure. The residue was recrystallized from heptane to give the title compound (2.23 g, white crystals), yield. 63.3%. 
melting point: 113.2°C. 

1 H-NMR (300 MHz, CDCIg, TMS) 8: 0.68-1 .85 (m, 3H), 6.58 (dq, 1 H, J = 378.6Hz, 6.88 Hz), 7.56-7.61 (m t 6H), 7.88-7.91 
(m, 6H), 8.32 (d, 2H, J = 13.56Hz). 
15 13C-NMR (75 MHz, CDCI 3 , CDCI 3 ) 5: 123.41 , 127.53, 128.23, 128.31 , 128.61 , 128.97, 129.30, 129.43, 1 33.22, 135.00, 
135.15. 

31P-NMR (121 MHz, CDCI3, 85%H3P0 4 ) 5: 1.11-2.42 (m), 4.30-5.48, (m). 



Elemental Analysis for C2oH 18 BP 


Calculated; 
Found; 


C: 80.03, 
C: 80.40, 


H: 6.04, 
H: 5.92, 


P:10.32. 
P:9.95. 



Example 19 

25 

(S)-2,2 , -bis[bis(2-naphthyl)phosphino]-1 t 1'-binaphthyl 
[0173] 

30 



35 



40 




45 [0174] Under an argon atmosphere, to a solution (5 mL) of [1,2-bis(diphenylphosphino)ethane]dichloronickel (96 
mg, 0.1 equivalent), (S)-2,2'-bis(trifluoromethanesurfonyloxy)-1,1 , -binaphthyl (1.0 g, 1.81 mmoL) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (1 .22 g, 6.0 equivalents) in DMF was added at room temperature 
a bis(2-naphthyl)phosphine-borane complex (1 .25 g, 2.3 equivalents) synthesized in Example 1 8, and the mixture was 
stirred at room temperature for 30 min. and then at 11 0°C for 101 hrs. DMF was evaporated under reduced pressure 

50 and methanol was added to the residue to give the title compound (875 mg, white crystals), yield 58.7%. 
31 P-IMMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 5: -12.99 (s). 
(ref.: 31 P-NMR (162 MHz, CDCI3) 5: -13.57. JP.A-H9-124669) 
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Example 20 

bis(4-chlorophenyl)phosphine-borane complex 
5 [0175] 



10 




[01 76] Under an argon atmosphere, a solution of cerium chloride (8.66 g, 3.0 equivalents) in THF (80 mL) was stirred 
15 at room temperature (25° C) for 30 min. Sodium boro hydride (1 .37 g, 3.1 equivalents) was added, and the mixture was 
stirred at room temperature for 1 nr. Then bis(4-chlorophenyl)phosphine oxide (3.18 g, 0.012 moL) synthesized in 
Reference Example 13 and lithium aluminum hydride (0.53 g, 1 2 equivalents) were successively added at 5°C, and 
the mixture was stirred at room temperature for 4 hrs. Toluene (80 mL) was added at 0°C, and 3M-HCI (30 mL) was 
added. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, and the aqueous 
20 layer was extracted with toluene (20 mL). The combined organic layer was washed with 5% aqueous NaCI solution 
(20 mL) and the organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and the filtrate was 
concentrated under reduced pressure. Toluene (20 mL) and silica gel (1 0 g) were added to the residue and the mixture 
was stirred at room temperature for 1 0 min. The mixture was filtered by gravity, and the filtrate was concentrated under 
reduced pressure. THF (5 mL) and BH 3 -THF (5 mL) were added to the residue at 5°C, and the mixture was stirred at 
25 room temperature for 1 hr. The mixture was concentrated under reduced pressure and the residue was recrystallized 
from heptane to give the title compound (1 .58 g, white crystals), yield 50.3%. 

1 H-NMR (300 MHz, CDCI3, TMS) 6: 0.41 -1 .60 (m, 3H), 6.28 (dq, 1 H, J = 381 .6Hz, 6.96 Hz), 7.36-7.44 (m, 4H), 7.54-7.65 
(m, 4H). 

13 C-NMR (75 MHz, CDCI3, CDCI3) 5: 123.83, 124.60, 128.92, 129.46, 129.61, 132.17, 134.10, 134.24, 138.62. 
30 31 P . NMR ( 12 1 MHz, CDCI3, 85%H 3 P0 4 ) 8: -1 .06-0.33 (m), 2.08-3.47 (m). 

Example 21 

(S)-2,2'-bis[bis(4-chlorophenyl)phosphino]-1 ,1 '-binaphthyl 

35 

[0177] 



a 




[0178] Under an argon atmosphere, to a solution (5 mL) of [1,2-bis(diphenylphosphino)-ethane]dichloronbkel (96 
mg, 0.1 equivalent) , (S^^'-bis^luoromethanesulfonyloxyVI.V-binaphthyl (1.0 g, 1.81 mmoL) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (1 .22 g, 6.0 equivalents) in DMF was added at room temperature 
55 a bis(4-chlorophenyl)phosphine-borane complex (1 :29 g, 2.6 equivalents) synthesized in Example 20. The mixture 
was stirred at room temperature for 30 min. and then at 110°C for 96 hrs. The reaction mixture was subjected 
to 31 P-NMR measurement to confirm the title compound. 
31 P-NMR (121 MHz, CDCLj, 85%H 3 P0 4 ) 6: -15.80 (s). 
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(ref.: 31 P-NMR (161 MHz, CDCI3, 85%H 3 P04) 5: -16.8. Journal of Organic Chemistry, vol. 59, p. 3064 (1994)) 
Example 22 

bis(p-tert-butylphenyl)phosphine-borane complex 



[0180] Under a nitrogen stream, a solution of cerium chloride (1 9.84 g, 2.98 equivalents) in THF (1 60 mL) was stirred 
at room temperature (25°C) for 30 min. Sodium borohydride (3.11 g, 3.04 equivalents) was added, and the mixture 
was stirred at room temperature for 1 .5 hrs. Then bis(p-tert-butylphenyl)phosphine oxide (8.49 g, 27.0 mmol) synthe- 
sized in Reference Example 15 and lithium aluminum hydride (1 .55 g, 1 .21 equivalents) were successively added at 
-1 7°C and the mixture was stirred at room temperature for 2 hrs. Toluene (80 mL) was added at -1 0°C and then 6M-HCI 
(25 mL) was added and water (25 mL) was added at 4°C. The mixture was stirred at room temperature for 30 min. 
The reaction mixture was partitioned, and the organic layer was washed successively with water (30 mL), 1 0% aqueous 
NaHC0 3 solution (30 mL) and 10% aqueous NaCi solution (30 mL). The organic layer was dried over anhydrous 
magnesium sulfate, filtered by gravity, and further passed through a membrane filter (0.2 u.m) under reduced pressure. 
The filtrate was concentrated under reduced pressure. The residue was dissolved in THF (1 00 mL) and a borane-THF 
complex (1 0 mL, 0.38 equivalent) was added at room temperature. The mixture was stirred for 1 6 hrs. and concentrated 
under reduced pressure. Toluene (30 mL) was added to the residue for dissolution, and the mixture was purified by 
silica gel column chromatography (silica gel 100 g, toluene), an effective fraction was concentrated under reduced 
pressure. The residue was recrystallized from n-hexane and dried (reduced pressure, 40°C) to give the title compound 
(6.33 g, white powder), yield 75.0%. melting point: 151 .5°C. 

1 H-NMR (300 MHz, CDCI3, TMS) 5: 0.43-1.52 (m, 3H), 1 .33 (s, 18H), 6.28 (dq, 1H, J H . P = 384 Hz, J = 6.9 Hz), 7.46 
(s, 1H), 7.47 (s, 1H), 7.49 (s, 1H), 7.50 (s, 1H), 7.59 (s, 1H), 7.62 (s, 1H), 7.63 (s, 1H), 7.65 (s, 1H). 
13 C-NMR (75 MHz, CDC^, CDCI 3 ) 5: 31.04, 34.91 , 122.46, 123.24, 125.99, 126.13, 132.68, 132.81, 154.99, 155.02. 
31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 5: -2.42- -1 .52 (m) , 0.82-1 .52 (m). 

Example 23 

(SJ^^'-bistbisfp-tert-butylphenyOphosphinol-IJ'-binaphthyl 



[0182] Under an argon atmosphere, to a solution (5 mL) of [1 ,2-bis(diphenylphosphino)ethane]dich!oronickel (0.08 
g, 0.10 equivalent), (SJ^^'-bisttrifluoromethanesulfonyloxyJ-l.l-binaphthyl (0.78 g, 1.41 mmol) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (0.94 g, 5.97 equivalents) in DMF was added at room temperature 



[0179] 




[0181] 
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abis(p-tert-buty!phenyl)phosphine-borane complex (1 .02 g, 2.31 equivalents) synthesized in Example 22, and the mix- 
ture was stirred at room temperature for 30 min. and then at 110°C for 96 hrs. DMF solution was evaporated under 
reduced pressure and methanol was added to the residue to give the title compound (0.79 g, pale-yellow powder), 
yield 66% 

5 1H-NMR (300MHz, CDCI 3 , TMS) 5: 1.25 (s, 18H), 1.27 (s, 18H), 6.68-6.73 (m, 4H), 6.94-6.96 (m, 4H), 7.07 (d, 4H, J 
= 8.0 Hz), 7.1 1 -7.13 (m, 4H), 7.23-7.27 (m, 6H), 7.47 (d, 2H, J = 8.4 Hz), 7.81 (d, 2H, J = 8.1 Hz), 7.86 (d, 2H, J = 8.5 Hz). 
13 C-NMR (75 MHz, DMSO, DMSO) 5: 30.91, 30.94, 34.13, 34.15, 124.49, 124.54, 124.59, 124.72, 125.00, 125.66, 
127.00, 127.09, 130.10, 132.33, 132.46, 132.59, 132.71, 132.97, 133.72, 133.86, 134.01, 136.21, 144.10, 150.03, 
150.80. 

10 31 P _ NMR ( 12 1 MHz, CDCI3, 85%H 3 P0 4 6: -16.04 (s). 

mass spectrometry (ESI-HR); Calculated; 847.4562 Found; 847.4496(MH + ) 

Example 24 

*5 bis(3,5-di-tert-butylphenyl)phosphine-borane complex 
[0183] 



20 



25 




[0184] Under a nitrogen stream, a solution of cerium chloride (4.88 g, 3.00 equivalents) in THF (40 mL) was stirred 
at room temperature (25°C) for 30 min. Sodium borohydride (0.75 g, 3.00 equivalents) was added, and the mixture 
was stirred at room temperature for 1 hr. Then bis(3,5-di-tert-butylphenyl)phosphine oxide (2.81 g, 6.6 mmol) synthe- 

30 sized in Reference Example 16 and lithium aluminum hydride (0.39 g, 1 .23 equivalents) were successively added at 
-9°C and the mixture was stirred for 1 .5 hrs. Toluene (20 mL) was added at 4°C, 6M-HCI (6 mL) was added and water 
(10 mL) was added at 4°C, and the mixture was stirred at room temperature for 30 min. The reaction mixture was 
partitioned, and the organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, and passed through 
a membrane filter (0.2 ujti) under reduced pressure. To the filtrate was added a borane-THF complex (7 mL, 1.08 

35 equivalents) at room temperature and the mixture was stirred for 16 hrs. and concentrated under reduced pressure. 
To the concentrate was added a borane-THF complex (1 0 mL, 1 .55 equivalents) at room temperature and the mixture 
was concentrated under reduced pressure. Toluene (1 0 mL) was added to the residue for dissolution and the mixture 
was purified by silica gel column chromatography (silica gel 25 g, toluene). The effective fraction was concentrated 
under reduced pressure. The residue was recrystallized from n-hexane and dried (reduced pressure, 40°C) to give 

40 the title compound (2.03 g, white powder), yield 72.7%. melting point: 135.4°C. 1 H-NMR (300 MHz, CDCI3, TMS) 5: 
0.55-1.80 (m, 3H), 1.34 (s, 36H), 6.33 (dq, 1H, = 375.5 Hz, J = 6.8 Hz), 7.51 (s, 1H), 7.51 (s, 1H), 7.55 (s, 1H), 
7.55 (s, 1 H), 7.58 (s, 1 H), 7.59 (s, 1 H). 

13 C-NMR (75 MHz, CDCI 3 , CDCI 3 ) 5: 31.26, 34.91, 122.46, 123.24, 125.99, 126.13, 132.68, 132.81, 154.99, 155.02. 
31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 5: 0.95-1 .22 (m), 3.88-4.75 (m). 

45 



50 



55 
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Example 25 

(S)-2 t 2'-t)is[bis(3,5-di-tert-butylphenyl)phosphino]-1 .V-binaphthyl 
5 [0185] 



10 



15 



20 




[0186] Under an argon atmosphere, to a solution (5 ml_) of [1 ,2-bis(diphenylphosphino)ethane]dichloronickel (0.07 
25 g t o.10 equivalent), (S)-2,2 , -bis(trifluoromethanesulfonyloxy)-1 I 1 , -blnaphthyl (0.77 g, 1.41 mmol) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (0.94 g, 5.96 equivalents) in DMF was added a bis(3,5-di-tert- 
butylphenyl)phosphine-borane complex (1 .00 g, 1 .68 equivalents) synthesized in Example 24 at room temperature 
and the mixture was stirred at room temperature for 30 min. and then at 1 1 0°C for 96 hrs. DMF solution was evaporated 
under reduced pressure, and methanol was added to the residue to give the title compound (0.38 g, white powder). 
30 yield 30%. melting point: 21 7.8°C. 

1 H-NMR (300 MHz, CDCl 3 , TMS) 8: 1 .11 (s, 36H), 1 .14 (s, 36H), 6.71 (d f 2H, J = 8.3 Hz), 6.77-6.80 (m, 2H), 6.95-6.98 
(m, 4H), 7.14-7.23 (m, 8H), 7.25-7.28 (m, 2H), 7.54 (d f 2H, J = 8.5 Hz), 7.77 (d, 2H, J = 8.1 Hz), 7.85 (d, 2H, 8.5 Hz). 
13 C-NMR (75 MHz, DMSO, DMSO) 8: 31.03, 34.32, 34.44, 120.71, 121.90, 125.03, 125.55, 126.95, 127.06, 127.18, 
127.23, 128.08, 128.23, 128.38, 130.41 , 132.79, 136.79, 137.65, 145.03, 145.82, 149.22, 149.30, 149.35, 149.40 
35 31 P . NMR (12 1 MHz, CDCI3, 85%H 3 P0 4 ) 8: -12.16 (s). 

mass spectrometry (ESI-HR); Calculated; 1071.7066 Found; 1071. 7039 (MH+) 

Example 26 

40 bis(m-tolyl)phosphine-borane complex 
[0187] 




50 

[0188] Under a nitrogen stream, a solution of cerium chloride (26.40 g, 3.00 equivalents) in THF (220 mL) was stirred 
at room temperature (25°C) for 30 min. Sodium borohydride (4.06 g, 3.00 equivalents) was added, and the mixture 
was stirred at room temperature for 1 .5 hrs. Then bis(m-tolyl)phosphine oxide (8.22 g, 35.7 mmol) synthesized in 
Reference Example 17 and lithium aluminum hydride (2.06 g, 1 .22 equivalents) were successively added at -9°C and 
ss the mixture was stirred for 3 hrs. 6M-HCI (33 mL) was added at -3°C, then water (33 mL) was added and toluene (1 30 
mL) was added at 4°C. The mixture was stirred at room temperature for 30 min. The reaction mixture was partitioned, 
and the organic layer was washed successively with water (50 mL), 10% aqueous NaHC0 3 solution (50 mL) and 10% 
aqueous NaCI solution (50 mL). The organic layer was dried over anhydrous magnesium sulfate, filtered by gravity, 
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and further passed through a membrane fitter (0.2 u/n) under reduced pressure. A borane-THF complex (36 mL, 1 .02 
equivalents) was added to the filtrate at around 0°C and the mixture was stirred at room temperature for 13.5 hrs. A 
borane-THF complex (6.2 ml_ p 0.18 equivalent) was further added at room temperature, and the mixture was concen- 
trated under reduced pressure. The residue was recrystallized from n-hexane and dried (reduced pressure, 40° C) to 
give the title compound (1 .70 g, white powder), yield 21% 

1 H-NMR (300 MHz, DMSO, TMS) 8: 0.58-1 .75 (m, 3H), 2.34 (s, 6H), 5.88-5.98 (m, 0.5H), 7.20-7.31 (m, 0.5H), 7.37-7.53 
(m, 8H). 

13 C-NMR(75MHz, DMSO, DMSO) 8: 21.24, 126.48, 129.45, 129.60, 130.03, 130.15, 132.76, 133.07, 133.20, 139.00, 
139.18. 

31P-NMR (121 MHz, CDCI3, 85%H3P04) 8: -4.22- -3.00 (m), -0.89-0.23 (m). 
Example 27 

(S)-2,2'-bis[bis{m-tolyl)phosphino]-1 ,1 '-binaphthyl 
[0189] 



[0190] Under an argon atmosphere, to a solution (5 mL) of [1 ,2-bis(diphenylphosphino)ethane]dichloronickel (0.1 0 
g, 0.10 equivalent), (S^^'-bisftrifluoromethanesulfonyloxyVI.V-binaphthyl (1.05 g, 1.91 mmol) synthesized in Ref- 
erence Example 1 and 1 ,4-diazabicyclo[2,2,2]octane (1 .28 g, 5.99 equivalents) in DMF was added at room temperature 
a bis(m-tolyl)phosphine-borane complex (1.00 g, 2.31 equivalents) synthesized in Example 26, and the mixture was 
stirred at room temperature for 30 min. and then at 110°C for 96 hrs. The reaction mixture was subjected to 31 P-NMR 
measurement to confirm the title compound. 
31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 8: -14.5 (s). 

(ref.: 31 P-NMR (161 MHz, CDCI 3 , 85%H 3 P04) 8: -14.4. Journal of Organic Chemistry, vol. 59, p. 3064 (1994) 
Example 28 

(SJ^^'^istdiphenylphosphinoJ-e^'-diphenyl-l ,1 '-binaphthyl 



[0192] Under an argon atmosphere, to a solution (5 mL) of [1,2-bis(diphenylphosphino)ethane]dichloronickel (52 
mg, 0.1 equivalent), (SVe.e'-diphenyl^.^-bisJtrifluoromethanesulfonyloxyJ-l.r-binaphthyl (700 mg, 0.99 mmoL) syn- 




[0191] 
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thesized in Reference Example 21 and 1 ,4-diazabicyclo[2,2,2]octane (670 mg, 6.0 equivalents) in DM F was added a 
diphenylphosphine-borane complex (0.458 g, 2.3 equivalents) at room temperature, and the mixture was stirred at 
room temperature for 30 min. and then at 1 1 0° C for 90 hrs. DM F was evaporated under reduced pressure and methanol 
was added to the residue to give the title compound (412 mg, slightly brown white crystals), yield 53.4%. 
1 H-NMR (300 MHz, CDCI3, TMS) 5: 6.93 (d, 2H, J = 8.76 Hz), 7.12-7.22 (m, 20H), 7.29 (s, 2H), 7.35-7.51 (m, 8H), 
7.64-7.67 (m, 4H), 7.99 (d, 2H, J = 8.76 Hz), 8.07 (d, 2H, J = 1 .64 Hz). 13 C-NMR (75 MHz, CDCI 3 , CDCI3) 5: 125.99, 
127.74, 128.51, 128.83, 129.21, 134.66, 141.35. 
31 P-NMR (121 MHz, CDCI3, 85%H3P0 4 ) 6: -13.82 (s). 

Example 29 

2,2'-bis(diphenylphosphino)-7,7 , -dimethoxy-1 ,1 -binaphthyl 



[0194] Under an argon atmosphere, to a solution (5 ml_) of [1,2-bis(diphenylphosphino)-ethane]dichloronickel (53 
mg, 0.1 equivalent), 7,7 , -dimethoxy-2,2 , -bis(trifluoromethanesulfonyloxy)-1,1'-binaphthyl (610 mg, 0.99 mmoL) syn- 
thesized in Reference Example 23 and 1 ,4-diazab*cyclo[2,2,2]octane (670 mg, 6.0 equivalents) in DM F was added a 
diphenylphosphine-borane complex (0.458 g, 2.3 equivalents) at room temperature, and the mixture was stirred at 
room temperature for 30 min. and then at 1 1 0°C for 77 hrs. DM F was evaporated under reduced pressure and methanol 
was added to the residue to give the title compound (120 mg, yellow white crystals), yield 17.7%. 
1 H-NMR (300 MHz, CDCI 3l TMS) 5: 3.1 6 (s, 6H), 6.05 (d, 2H, J = 2.26Hz), 7.01 (dd, 2H, J = 9.00Hz, 2.49Hz), 7.12-7.19 
(m, 20H), 7.38 (d, 2H, J = 8.44Hz), 7.74 (d, 2H, J = 8.88 Hz), 7.83 (d, 2H, J = 8.38 Hz). 

13 C-NMR(75MHz,CDCl3,CDCl3)6: 54.98, 106.07, 119.52, 127.77, 128.18, 128.41 , 128.97, 129.63, 132.90, 134.78, 
135.08, 146.39, 159.56. 

31 P-NMR (121 MHz, CDCI3, 85%H 3 P0 4 ) 8: -13.82 (s). 
Example 30 

(SJ^.^-bisldiphenylphosphinoJ-l ,1 '-binaphthyl 
[0195] 



[0193] 
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[0196] Under an argon atmosphere, to a solution (5 mL) of [1 t 2-bis(diphenylphosphino)-ethane]dichlorontekel (53 
mg, 0.1 equivalent), (SJ^^'-bisftrffluoromethanesulfonyloxyJ-l.l-, binaphthyl (500 mg, 0.91 mmoL) synthesized in 
Reference Example 1 and 1 ^-diazabicyclop^^Joctane (61 3 mg, 6.0 equivalents) in DM F was added a diphenylphos- 
phine-borane complex (41 8 mg, 2.3 equivalents) at room temperature, and the mixture was stirred at room temperature 
for 30 min. and then at 11 0°C for 96 hrs. DMF was evaporated under reduced pressure and methanol was added to 
the residue to give the title compound (401 mg, pale-yellow white crystals), yield 71%. 

1 H-NMR (300MHz, CDCI3, TMS) 8: 6.83 (d, 2H, J = 8.26 Hz), 6.89-6.94 (m, 2H), 7.07-7.20 (m, 20H), 7.32-7.37 (m, 
2H), 7.43-7.47 (m, 2H), 7.85 (d, 2H, J = 8.14 Hz), 7.89 (d, 2H, J = 8.49 Hz). 31 P-NMR (121 MHz, CDCI 3 , 85%H 3 P04) 
6: -14.90 (s). 

mass spectrometry (ESI-HR); Calculated; 623.2058 Found; 623. 2030 (MH+) 
Example 31 

(SJ^^'-bistbislS^-dimethylphenyOphosphinoJ-l ,1 '-binaphthyl 
[0197] 




[0198] In the same manner as in Example 2 and changing the amine to be used to 1) tetramethylethylenediamine, 
2) triethylamine, 3) diisopropylethylamine, 4) diethylamine or 5) pyridine, (S)-2,2'-bis|bis(3,5-dimethylphenyl)phosphi- 
no]-1 .V-binaphthyl was produced. The results are shown in Table 1 . 



Table 1 





Amine 


yield 


1 


tetramethylethylenediamine 


48% 


2 


triethylamine 


42% 


3 


diisopropylethylamine 


42% 


4 


diethylamine 


40% 


5 


pyridine 


27% 
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Example 32 

(S)-2,2'-bis[bis(3,5-dimethylphenyl)phosphino]-1 ,1 '-binaphthyl 
[0199] 




[0200] In the same manner as in Example 2 and changing the nickel catalyst to 1) NiC^, 2) NiC^bis (diphenyl) 
phosphinyl ferrocene or 3) NiCI 2 , bis(diphenyl)phosphinoethane, (S)-2,2 , -bis[bis(3,5-dimethylphenyl)phosphino]-1,1'- 
binaphthyl was produced. The results are shown in Table 2. For calculation of HPLC area (%), HPLC conditions (column: 
ZORBAX Rx-C8, 4.6x250 mm, solution: MeCN/HgO = 90/10, flow rate: 1.0 mL/min, detection wavelength: 254 nm) 
were used. In 3), NiClg and bis (diphenyl)phosphinoethane were separately added. 



Table 2 





nickel catalyst 


HPLC area (%) 


(S)-2,2"-bis[bis 

(3,5-dimethylphenyl)-phosphinol- 
1 ,1 '-binaphthyl (product) 


(S)-2,2'-bis(trifluoromethane- 
sulfonyloxy)-1 ,1 '-binaphthyl 
(starting material) 


1 


NiCI 2 


24.B % 


13.1 % 


2 


NiCI 2 * bis(diphenyl)-phosphinyl 
ferrocene 


43.9 % 


7.5 % 


3 


NiCI 2 , bis(diphenyl)-phosphino- 
ethane 


29.2% 


13.1 % 



Example 33 



asymmetric hydrogenation of methyl (Z)-a-acetamide cinnamate 

[0201] To a solution of Rh(cod) 2 OTT (4.27 mg, 0.0091 mmoL) in methanol (1 ml_) was added (S)-2,2'-bis [bis (3,5-di- 
tert-butyl-4-methoxyphenyl)phosphino]-1,1 '-binaphthyl (12.65 mg, 0.011 mmoL) synthesized in Example 10, and the 
mixture was stirred at room temperature (25°C) for 30 min. To a solution of methyl (Z)-ct-acetamide cinnamate (0.1 0 
g, 0.456 mmoL) in methanol (4 mL) was added an Rh complex solution prepared in the above for hydrogenation at 
hydrogen pressure of 1 .0 MPa and 25°C for 24 hrs. The reaction mixture was measured by GC (column: CHIRASIL 
VAL, 0.25 mmx30 m) to give conversion rate >99.9%, optical purity 91 .43%ee(R). 

Comparative Example 1 

asymmetric hydrogenation of methyl (Z)-a-acetamide cinnamate. 

[0202] To a solution of RhfcodfeOTf (4.27 mg, 0.0091 mmoL) in methanol (1 mL) was added (S)-2,2'-bis(diphenyl- 
phosphino)-1,1 '-binaphthyl (6.79 mg, 0.011 mmoL) synthesized in Example 30, and the mixture was stirred at room 
temperature (25°C) for 30 min. To a solution of methyl (Z)-«-acetamide cinnamate (0.10 g, 0.456 mmoL) in methanol 
(4 mL) was added an Rh complex solution prepared in the above for hydrogenation at hydrogen pressure of 1 .0 MPa 
and 25°C for 24 hrs. The reaction mixture was measured by GC (column: CHIRASIL VAL, 0.25 mmx30 m) to give 
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conversion rate >99.9%, optical purity 15.33%ee(R). 
Industrial Applicability 

5 [0203] According to the production method of the present invention, compound (I) and a salt thereof useful for the 
asymmetric synthesis reaction for the production of a compound useful as an optically active pharmaceutical product 
(e.g., a drug for the prophylaxis or treatment of increased urinary frequency or urinary incontinence, a drug for the 
prophylaxis or treatment of Alzheimer's disease, a drug for the prophylaxis or treatment of hyperlipidemia etc.) or an 
intermediate therefor can be produced effectively. The compound (I) and a salt thereof, particularly a complex of an 

io optical isomer thereof with a transition metal shows superior stereoselective rate, chemical yield, catalytic property 
and the like in the above-mentioned asymmetric synthesis reaction. 

Claims 

15 

1 . A production method of a compound represented by the formula 



20 



25 



30 



35 




wherein R 1a , R 1b , R 1c , R 1d , R 1e , R 1f , R 2 * R a , R 20 , R 2 *, R 2 * 5 and R* are the same or different and each is a 
hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted alky I group, an optionally substituted 
cycioalkyl group, an optionally substituted aryl group, an optionally substituted hydroxy group, an optionally sub- 

45 stituted amino group, an optionally substituted alkylcarbonyt group, an optionally substituted alkoxycarbonyl group, 

a carboxyl group or an optionally substituted carbamoyl group, R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and R 10 are the same 
or different and each is a hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted hydrocarbon 
group, an optionally substituted hydroxy group or an optionally substituted amino group, and R 3 and R 4 , and R 7 
and R 8 may each form, together with the adjacent carbon atoms, a 5-to 8-membered homocydic or heterocyclic 

so ring, or a salt thereof, which comprises reacting a compound represented by the formula 
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wherein X is a leaving group and other symbols are as defined above, or a salt thereof, with a phosphine-borane 
complex represented by the formula 




wherein the symbols are as defined above, or a salt thereof, in a solvent in the presence of an amine and a nickel 
catalyst. 

The production method of claim 1 , wherein X is an optionally substituted alkylsulfonyloxy group or an optionally 
substituted arylsulfonyloxy group. 

The production method of claim 1, wherein R 1a , R 1b , R 1c , R 1d , R 1e , R 1f , R 2 * R 2 *, R 2c , R 2d , R 2 ® and R 2 * are the 
same or different and each is a hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted alkyl 
group, an optionally substituted cycloalkyl group, an optionally substituted hydroxy group, an optionally substituted 
amino group, an optionally substituted alkytcarbonyl group, an optionally substituted alkoxycarbonyl group, a car- 
boxy I group or an optionally substituted carbamoyl group, R 3 , R 4 , R 5 , R 6 , R 7 and R 8 are the same or different and 
each is a hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted hydrocarbon group, an op- 
tionally substituted hydroxy group or an optionally substituted amino group, R 9 and R 10 are each a hydrogen atom, 
and X is an optionally substituted alkylsulfonyloxy group or an optionally substituted arylsulfonyloxy group. 

The production method of claim 3, wherein R 1a and R 2 * R 1b and R 2 *, R 1c and R 2c , R 1d and R 2d , R 1e and R 2e , and 
R 1f and R 2 * are respectively the same groups. 

The production method of claims 1 to 3, wherein R 1a , R 1f , R 2a and R 2 * are each a hydrogen atom. 

The production method of claim 3, wherein R 1a , R 1b , R 1c , R 1d , R 1e , R 1f , R 2a R 2 *, R 2 * 5 , R M , R 26 and R 21 are each 
a hydrogen atom. 
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7. The production method of claim 3, wherein R 3 , R 5 , R 6 and R 8 are each a lower alkyl group and R 4 and R 7 are 
each a hydrogen atom or a lower alkoxy group. 

8. The production method of claim 3, wherein R 3 , R 5 , R 6 and R 8 are each a hydrogen atom, and R 4 and R 7 are each 
5 a lower alkyl group or a lower alkoxy group. 

9. The production method of claim 3, wherein R 3 , R 4 , R 5 , R 6 , R 7 and R 8 are each a hydrogen atom. 

10. The production method of claim 1 , wherein X is trifluoromethanesulfonyloxy, methanesulfonyloxy or p-toluenesul- 
10 fonyloxy. 

11. The production method of claims 1 to 3, wherein the nickel catalyst is NiCI 2 .bis(diphenyl)phosphino alkane, 
NiBr 2 , NiCI 2( NiCl^bisfdiphenyOphosphinyl ferrocene, NiCI 2 - bis(triphenylphosphine), Ni-tetrakistriphenylphos- 
phine, Ni- tetrakistriphenylphosphite or Ni« dicarbonylbis(triphenyi)phosphine. 

15 

12. The production method of claims 1 to 3, wherein the nickel catalyst is NiCI 2 -bis (diphenyl) phosphino alkane. 

13. The production method of claims 1 to 3, wherein the nickel catalyst is NiC^ bisfdiphenylJphosphinoethane. 
20 14. The production method of claims 1 to 3, wherein the amine is a tertiary amine. 

15. The production method of claims 1 to 3, wherein the amine is 1 ,4-diazabicyclo[2.2.2]octane. 

16. The production method of claims 1 to 3, wherein the solvent is a mixed solvent of one or more kinds selected from 
25 N,N-dimethylformamide, N.N-dimethylacetamide, 1-methyl-2-pyrro1idone and 1 ,3-dimethyl-2-imidazolidinone. 

17. The production method of claim 1 , wherein R 1a , R 1b , R 1c , R 1f , R 2 * R 2 **, R 20 and R 2 * are each a hydrogen atom, 
R 1d and R 2 * are each a hydrogen atom or a C^q aryl group, R 1e and R 2e are each a hydrogen atom or a 
alkoxy group, R 3 is a hydrogen atom or a alkyl group, R 4 is a hydrogen atom, a fluorine atom, a chlorine atom, 

so aC H alkyl group, a C 6 . 10 aryl group, a C 1-6 alkoxy group or a di-C^ alkylamino group, or R 3 and R 4 form, together 

with the adjacent carbon atoms, a benzene ring or a 1 ,3-dioxolane ring, R 5 is a hydrogen atom or a C,_ 6 alkyl 
group, R 6 is a hydrogen atom or a C-|_ 6 alkyl group, R 7 is a hydrogen atom, a fluorine atom, a chlorine atom, aC^ 
alkyl group, a C^ 0 aryl group, a alkoxy group or a di-C^ alkylamino group, R 8 is a hydrogen atom or a C-,^ 
alkyl group, or R 7 and R 8 form, together with the adjacent carbon atoms, a benzene ring or a 1 ,3-dioxolane ring, 

35 R 9 is a hydrogen atom or a alkyl group, R 10 is a hydrogen atom or a alkyl group, X is trifluoromethanesul- 

fonyloxy, and the nickel catalyst is NiClg bis(diphenyl)phosphinoethane. 

18. The production method of claim 1 , wherein an axial chiral moiety of the compound represented by the formula 



40 
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and an axial chiral moiety of the compound represented by the formula 



5 



10 



15 



20 



25 




wherein each symbol is as defined in claim 1 , are each an (R) form. 
30 19. The production method of claims 18, wherein the reaction is free of racemization, 

20. The production method of claim 1 , wherein an axial chiral moiety of the compound represented by the formula 



40 



45 




wherein each symbol is as defined in claim 1 , and an axial chiral moiety of the compound represented by the formula 

55 
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5 



10 



15 



20 




wherein each symbol is as defined in claim 1 , are each an (S) form. 

25 

21 . The production method of claim 20, wherein the reaction is free of racemization. 

22. The production method of claim 1 , wherein an axial chiral moiety of the formula 

30 



35 



40 



45 




wherein each symbol is as defined in claim 1 , and an axial chiral moiety of the compound represented by the formula 

50 
55 
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5 



10 



15 



20 




25 wherein each symbol is as defined in claim 1 , are each a racemate. 

23. S^'-bistbisCS.S-di-tert-ButyM-methoxyphenylJphosphinol-l ,1'-binaphthyl or a salt thereof. 

24. A phosphine-borane complex represented by the formula 

30 



35 




40 

wherein R 3 *, R 5 ', R 6 ' and R 8 ' are each a hydrogen atom, a lower alkyl group or a lower alkoxy group, and R 4 ' and 
R 7 ' are each a hydrogen atom, a fluorine atom, a chlorine atom, a C 2 . 6 alkyl group, a lower alkoxy group, a mono- 
lower alkylamino group or a di-lower alkylamino group (R 3 * and R 4 ', and R 7 ' and R ff may each form a lower alkylen- 
edioxy group) (provided that R 3 ', R 4 ', R 5 ', R 6 *, R 7 ' and R 8 ' are not hydrogen atoms at the same time), or a salt thereof. 

45 

25. The phosphine-borane complex of claim 24, wherein R 3 ', R 5 ', R 6 ' and R 8 ' are each a hydrogen atom or a lower 
alkyl group, and R 4 ' and R 7 ' are each a hydrogen atom, a fluorine atom, a chlorine atom, a lower alkoxy group, a 
mono-lower alkylamino group or a di-lower alkylamino group. 

so 26. The phosphine-borane complex of claim 25, wherein R 3 ', R 5 ', R 6 * and R 8 ' are each a hydrogen atom, and R 4 ' and 
R 7 ' are each a fluorine atom, a chlorine atom, a lower alkoxy group or a di-lower alkylamino group. 

27. The phosphine-borane complex of claim 25, wherein R 3 ', R 5 ', R 6 * and R 8 * are each a lower alkyl group, and R 4 ' 
and R r are each a hydrogen atom. 

55 

28. The phosphine-borane complex of claim 25, wherein R 3 ', R 5 ', R 6 ' and R 8 ' are each a lower alkyl group, and R 4 ' 
and R 7 ' are each a lower alkoxy group. 



59 



EP 1452 537 A1 

29. The phosphine-borane complex of claims 24, wherein R 5 ' and R 6 * are each a hydrogen atom, and R 3 ' and R 4 ', and 
R 7 ' and R ff each form a methylenedioxy group. 

30. The phosphine-borane complex of claims 24, wherein R 3 ', R 5 ', R 6 " and R 8 * are each a hydrogen atom, and R 4 ' and 
R 7> are each a C 2 . 6 alky I group. 

31 . The phosphine-borane complex of claims 24, wherein R 4 ', R 5 ', R r and R 8 * are each a hydrogen atom, and R 3 ' and 
R 6 ' are each a lower alkyl group. 

32. A phosphine-borane complex represented by the formula 




wherein R 9 * and R 1<y are each a lower alkyl group. 
33. A production method of a phosphine-borane complex represented by the formula 




wherein R 3 ', R 5 ', R 6 * and R 8 ' are each a hydrogen atom, a lower alkyl group or a lower alkoxy group, R 4 ' and R 7 * 
are each a hydrogen atom, a fluorine atom, a chlorine atom, a C 2 . 6 alkyl group, a lower alkoxy group, a mono- 
lower alkylamino group or a di-lower alkylamino group, and R 9 * and R 10 ' are each a hydrogen atom or a lower alkyl 
group (R 3 ' and R 4 ', and R r and R 8 * may form a lower alkylenedioxy group) (provided that R 3 ' , R 4 ', R 5 ', R 6 *, R r , 
R 8 ', R 9 " and R 10 * are not hydrogen atoms at the same time), or a salt thereof, which comprises reducing a compound 
represented by the formula 




wherein each symbol is as defined above, or a salt thereof, with lithium aluminum hydride in the presence of cerium 
chloride and sodium borohydride. 

34. A production method of an optically active compound, which comprises reducing a compound to be reduced, in 
the presence of an optically active compound represented by the formula 
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wherein R 1a , R 1b , R 1c , R 1d , R 1e , R", R*a R2b R2c, R**, R2* and R* are the same or different and each is a 
hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted alkyl group, an optionally substituted 
cycloalkyl group, an optionally substituted aryl group, an optionally substituted hydroxy group, an optionally sub- 
stituted amino group, an optionally substituted alkylcarbonyl group, an optionally substituted alkoxycarbonyl group, 
a carboxyl group or an optionally substituted carbamoyl group and R 3 , R 4 , R 5 , R 6 , R 7 , R 8 , R 9 and R 10 are the same 
or different and each is a hydrogen atom, a fluorine atom, a chlorine atom, an optionally substituted hydrocarbon 
group, an optionally substituted hydroxy group or an optionally substituted amino group, and R 3 and R 4 , and R 7 
and R 8 may each form, together with the adjacent carbon atoms, a 5-to 8-membered homocyclic ring or heterocyclic 
ring or a salt thereof, which is obtained by reacting an optically active compound represented by the formula 




wherein X is a leaving group and other symbols are as defined above, or a salt thereof, with a phosphine-borane 
complex represented by the formula 
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wherein the symbols are as defined above, or a salt thereof, in a solvent in the presence of an amine and a 
nickel catalyst. 

35. Use of a phosphine-borane complex represented by the formula 




wherein R 3 ", R 5 ', R 6 * and H & are each a hydrogen atom, a lower alkyl group or a lower alkoxy group, R 4 ' and R r 
are each a hydrogen atom, a fluorine atom, a chlorine atom, a C 2 . 6 alkyl group, a lower alkoxy group, a mono- 
lower alkylamino group or a di-loweralkylamino group (R 3 ' and R 4 ', and R 7 ' and R 8 ' may each form a lower alkylen- 
edioxy group) (provided that R 3 ', R 4 ', R 5 ', R 6 ', R 7 ' and R 8 ' are not hydrogen atoms at the same time) or a phosphine- 
borane complex represented by the formula 




wherein R 9 * and R 10 * are each a lower alkyl group, or a salt thereof, for the production of an optically active com- 
pound by asymmetric reduction. 

36. Use of (S)-2,2 , -bis[bis(3,5-di-tert-butyl-4-methoxyphenyl)phosphino]-1 ,1 '-binaphthyl or (RJ-a^'-blstblstS.S-di-tert- 
butyM-methoxypheny^phosphinoJ-l.l'-binaphthyl or a salt thereof for the production of an optically active com- 
pound by asymmetric reduction. 
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